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Glossary

The glossary provides the following definitions of technical and scientific terms, as well as plain English
terms used differently in the context of this EIS.

Term Definition

Adaptation Initiatives and measures to reduce the vulnerability of natural and human
systems against actual or expected climate change effects. Various types of
adaptation exist, including anticipatory and reactive, private and public,
and autonomous and planned.

Acrolein A colorless irritant liquid aldehyde with a piercing, acrid smell.

Aerodynamic diameter

The diameter of the spherical particle with a density of 1,000 kg/m3 and the
same settling velocity as the irregular particle.

Albedo

Surfaces on Earth reflect solar radiation back to space. The reflective
characteristic, known as albedo, indicates the proportion of incoming solar
radiation that the surface reflects. High albedo has a cooling effect
because the surface reflects rather than absorbs most solar radiation.

Anthropogenic

Resulting from or produced by human beings.

Biofuel Energy sources made from living things, or the waste that living things
produce.
Biosphere The part of the Earth system comprising all ecosystems and living

organisms, in the atmosphere, on land (terrestrial biosphere) or in the
oceans (marine biosphere), including dead organic matter, such as litter,
soil organic matter, and oceanic detritus.

Black carbon

The most strongly light-absorbing component of particulate matter, and
formed by the incomplete combustion of fossil fuels, biofuels, and biomass.

Carbon sink

Any process, activity, or mechanism that removes a greenhouse gas, an
aerosol, or a precursor of a greenhouse gas or aerosol from the
atmosphere.

Compressed natural gas

Methane stored at high pressure.

Coral bleaching

The paling in color that results if coral loses its symbiotic, energy providing,
organisms.

Criteria pollutants

Carbon monoxide (CO), airborne lead (Pb), nitrogen dioxide (NOz), ozone
(O3), sulfur dioxide (SO2), and fine particulate matter (PM).

Cryosphere

The portion of Earth’s surface that is frozen water, such as snow,
permafrost, floating ice, and glaciers.

Dry natural gas

Also known as consumer-grade natural gas, dry natural gas is gas that
remains after lease, field, and/or plant separation and any volumes of
nonhydrocarbon gases have been removed where they occur in sufficient
guantity to render the gas unmarketable.

Ecosystem

A system of living organisms interacting with each other and their physical
environment. The boundaries of what could be called an ecosystem are
somewhat arbitrary, depending on the focus of interest or study. Thus, the
extent of an ecosystem may range from very small spatial scales to,
ultimately, all of Earth.

Endemic

Restricted to a region.

Eutrophication

Enrichment of a water body with plant nutrients.
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Term

Definition

Evapotranspiration

The combined process of water evaporation from Earth’s surface and
transpiration from vegetation.

Fluorinated gases

Fluorinated greenhouse gases (GHGs) or gases include perfluorinated
compounds (PFCs), hydrofluorocarbons (HFCs), sulfur hexaflouride (SF¢),
and nitrogen trifluoride (NF3).

Fuel efficiency

How much fuel a vehicle requires to perform a certain amount of work
(e.g., how many tons it can carry per mile traveled). A vehicle is more fuel-
efficient if it can perform more work while consuming less fuel.

GREET model

Model developed by Argonne National Laboratory that provides estimates
of the energy and carbon contents of fuels as well as energy use in various
phases of fuel supply.

Hazardous air pollutants

Substances defined as hazardous by the 1990 CAA amendments, including
certain volatile organic compounds (VOCs), compounds in particulate
matter, pesticides, herbicides, and radionuclides that present tangible
hazards, based on scientific studies of human (and other mammal)
exposure.

Hydrocarbon An organic compound consisting entirely of hydrogen and carbon.

Hydrology The science dealing with the occurrence, circulation, distribution, and
properties of Earth’s water.

Hydrosphere The component of the climate system comprising liquid surface and

subterranean water, such as oceans, seas, rivers, freshwater lakes, and
underground water.

Lifetime fuel consumption

Total volume of fuel used by a vehicle over its lifetime.

Liquefied natural gas (LNG)

A natural gas (predominantly methane) that has been converted to liquid
form for ease of storage or transport.

Maximum lifetime of vehicles

The age after which less than 2% of the vehicles originally produced during
a model year remains in service.

Meridional Overturning
Circulation

A mechanism for heat transport in the North Atlantic Ocean, by which
warm waters are carried north and cold waters are carried toward the
equator.

Mobile source air toxics (MSATs)

Hazardous air pollutants emitted from vehicles that are known or
suspected to cause cancer or other serious health and environmental
effects. MSATs included in this analysis are acetaldehyde, acrolein,
benzene, 1,3-butadiene, diesel particulate matter, and formaldehyde.

MOVES model

The Motor Vehicle Emissions Simulator (MOVES) model used to calculate
tailpipe emissions.

NEPA scoping process

An early and open process for determining the scope of issues to be
addressed and for identifying the significant issues related to a proposed
action.

Nonattainment area

Regions where concentrations of criteria pollutants exceed federal
standards. Nonattainment areas are required to develop and implement
plans to comply with the National Ambient Air Quality Standards (NAAQS)
within specified time periods.

Ocean acidification

A decrease in the pH of sea water due to the uptake of anthropogenic
carbon dioxide (CO2).

Ozone

A photochemical oxidant and the major component of smog.

Particulate matter (PM)

Substances that exist as discrete particles. PM includes dust, dirt, soot,
smoke, and liquid droplets directly emitted into the air.
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Term

Definition

Pathways of fuel supply

Imports to the United States of refined gasoline and other transportation
fuels, domestic refining of fuel using imported petroleum as a feedstock,
and domestic fuel refining from crude petroleum produced within the
United States.

Permafrost

Ground (soil or rock and included ice and organic material) that remains at
or below zero degrees Celsius for at least two consecutive years.

Photochemical modeling

The mathematical simulation of the chemical and meteorological processes
associated with the formation of ozone.

Polycyclic organic matter (POM)

A broad class of compounds that includes the polycyclic aromatic
hydrocarbon compounds (PAHs). Formed primarily from combustion and
present in the atmosphere in particulate form.

Primary fuel

Energy sources consumed in the initial production of energy.

Rebound effect

A situation in which improved fuel economy reduces the fuel cost of driving
and leads to additional use of medium- and heavy-duty (HD) vehicles and
thus increased emissions of criteria pollutants by HD vehicles.

Renewable energy

Energy coming from resources that are naturally replenished on the human
timescale, e.g., sunlight, wind, rain, tides, waves, and geothermal heat.

Saltwater intrusion

Displacement of fresh surface water or groundwater by the advance of
saltwater due to its greater density. This process usually occurs in coastal
and estuarine areas due to reducing land-based influence (either from
reduced runoff and associated groundwater recharge, or from excessive
water withdrawals from aquifers) or increasing marine influence (relative
sea-level rise).

Sea-ice extent

Measurement of the area of ocean where there is at least some sea ice.
Usually, scientists define a threshold of minimum concentration to mark
the ice edge; the most common cutoff is at 15 percent.

Shale gas

Natural gas that is trapped within shale formations, which are fine-grained
sedimentary rocks that can be rich resources of petroleum and natural gas.

Social cost of carbon (SCC)

An estimate of the economic damages associated with a small increase in
CO2 emissions.

Survival rate

The proportion of vehicles originally produced during a model year that are
expected to remain in service at the age they will have reached during each
subsequent year.

Thermal expansion (of water)

The tendency of water to change in volume in response to a change in
temperature through heat transfer.

Tipping point

A phrase used to describe situations in which the climate system reaches a
point at which a disproportionately large or singular response in a climate-
affected system occurs as a result of only a moderate additional change in
the inputs to that system.

Transportation, storage, and
distribution (TS&D)

The linkage of energy supplies, energy carriers, or energy by-products to
intermediate and end users.

Upstream emissions

Emissions associated with crude-petroleum extraction and transportation,
and with the refining, storage, and distribution of transportation fuels.

Vehicle miles traveled

Total number of miles driven.

Volatile organic compound

Emitted as gases from certain solids or liquids which are emitted by a wide
variety of products.

Volpe model

Used to calculate tailpipe emissions for Classes 2b—3 vehicles.
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Phase 2 Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles Final EIS

SUMMARY

Foreword

The National Highway Traffic Safety Administration (NHTSA) prepared this Environmental Impact
Statement (EIS) to analyze and disclose the potential environmental impacts of the Phase 2 fuel
efficiency standards for commercial medium-duty and heavy-duty on-highway engines, vehicles, and
trailers (hereinafter referred to collectively as “HD vehicles”) for model years (MYs) 2018 and beyond
(the Final Action).! NHTSA prepared this document pursuant to Council on Environmental Quality (CEQ)
National Environmental Policy Act (NEPA) implementing regulations, U.S. Department of Transportation
(DOT) Order 5610.1C, and NHTSA regulations.

This EIS compares the potential environmental impacts of five alternatives to regulating HD vehicle fuel
efficiency for MYs 2018 and beyond, including Alternative 3 (the Preferred Alternative/Final Action),
three other action alternatives, and Alternative 1 (the No Action Alternative), and analyzes the direct,
indirect, and cumulative impacts of each action alternative relative to the No Action Alternative. The
action alternatives NHTSA selected for evaluation encompass a reasonable range of alternatives to
evaluate the potential environmental impacts of the Final Action and alternatives under NEPA. The EIS
chapters and appendices provide or reference all relevant supporting information.

Background

The Energy Policy and Conservation Act of 1975 (EPCA) mandated that NHTSA establish and implement
a regulatory program for motor vehicle fuel economy. As codified in Chapter 329 of Title 49 of the U.S.
Code (U.S.C.), and as amended by the Energy Independence and Security Act of 2007 (EISA), EPCA sets
forth specific requirements concerning the establishment of average fuel economy standards for
passenger cars and light trucks, which are motor vehicles with a gross vehicle weight rating (GVWR) less
than 8,500 pounds and medium-duty passenger vehicles with a GVWR less than 10,000 pounds. This
regulatory program, known as the Corporate Average Fuel Economy Program (CAFE), was established to
reduce national energy consumption by increasing the fuel economy of these vehicles.

EISA provided DOT—and NHTSA, by delegation—new authority to implement, through rulemaking and
regulations, “a commercial medium- and heavy-duty on-highway vehicle and work truck fuel efficiency
improvement program designed to achieve the maximum feasible improvement” for motor vehicles
with a GVWR of 8,500 pounds or greater, except for medium-duty passenger vehicles that are already
covered under CAFE. This broad sector (HD vehicles, as described above)—ranging from large pickups to
sleeper-cab tractors—represents the second-largest contributor to oil consumption and greenhouse gas
(GHG) emissions from the transportation sector, after passenger cars and light trucks. EISA directs
NHTSA to “adopt and implement appropriate test methods, measurement metrics, fuel economy
standards, and compliance and enforcement protocols that are appropriate, cost-effective, and

1 The Final Action establishes new standards beginning with MY 2018 for trailers and MY 2021 for all of the other heavy-duty
vehicle and engine categories, with stringency increases through MY 2027 for some segments. Standards will remain at the
final stringency levels until amended by a future rulemaking.
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technologically feasible for commercial medium- and heavy-duty on-highway vehicles and work trucks.”
This new authority permits NHTSA to set “separate standards for different classes of vehicles.”

Consistent with these requirements and in consultation with the U.S. Environmental Protection Agency
(EPA) and Department of Energy (DOE), NHTSA established the first fuel efficiency standards for HD
engines and vehicles in September 2011, as part of a comprehensive HD National Program to reduce
GHG emissions and fuel consumption for HD vehicles (trailers were not included in that phase). Those
fuel-efficiency standards constitute the first phase (Phase 1) of the NHTSA HD Fuel Efficiency
Improvement Program. They were established to begin in MY 2016 and remain stable through MY 2018,
consistent with EISA’s requirements. Although EISA prevented NHTSA from enacting mandatory
standards before MY 2016, NHTSA established voluntary compliance standards for MYs 2014—-2015 prior
to mandatory regulation in MY 2016. Throughout this EIS, NHTSA refers to the rulemaking and EIS
associated with the MY 2014-2018 HD vehicle fuel efficiency standards described in this paragraph as
“Phase 1” or the “Phase 1 HD National Program.”

In February 2014, the president directed NHTSA and EPA to develop and issue the next phase of HD
vehicle fuel efficiency and GHG standards by March 2016, as stated in the White House’s 2014 report
Improving the Fuel Efficiency of American Trucks — Bolstering Energy Security, Cutting Carbon Pollution,
Saving Money and Supporting Manufacturing Innovation. Consistent with this directive, NHTSA is
establishing fuel efficiency standards for HD vehicles for MYs 2018 and beyond as part of a joint
rulemaking with EPA to establish what is referred to as the Phase 2 HD National Program (also
referred to as “Phase 2”). As with Phase 1 and as directed by EISA, NHTSA conducted the Phase 2
rulemaking in consultation with EPA and DOE.

Pursuant to NEPA, federal agencies proposing “major federal actions significantly affecting the quality
of the human environment” must, “to the fullest extent possible,” prepare “a detailed statement” on
the environmental impacts of the proposed action, including alternatives to the proposed action. To
inform its development of the Phase 2 standards, NHTSA prepared this EIS, which analyzes, discloses,
and compares the potential environmental impacts of a reasonable range of action alternatives
including the No Action Alternative. This EIS also identifies a Preferred Alternative, pursuant to CEQ
NEPA implementing regulations, DOT Order 5610.1C, and NHTSA regulations. The Draft EIS was
issued together with the Phase 2 Notice of Proposed Rulemaking (NPRM) on June 19, 2015. NHTSA is
issuing this Final EIS concurrently with the Final Rule (Record of Decision), pursuant to 49 U.S.C. 304a
(Pub. L. 114-94, 129 Stat. 1312, Section 1311(a)) and U.S. Department of Transportation Final
Guidance on MAP-21 Section 1319 Accelerated Decisionmaking in Environmental Reviews.

Purpose and Need for the Action

NEPA requires that agencies develop alternatives to a proposed action based on the action’s purpose
and need. The purpose of this rulemaking is to continue to promote EPCA’s goals of energy
independence and security, as well as to improve environmental outcomes and national security, by
continuing to implement an HD Fuel Efficiency Improvement Program that is “designed to achieve the
maximum feasible improvement.” Congress specified that, as part of the HD Fuel Efficiency
Improvement Program, NHTSA must adopt and implement appropriate test methods, measurement
metrics, fuel economy standards, and compliance and enforcement protocols. These required aspects
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of the program must be appropriate, cost effective, and technologically feasible for HD vehicles. In
developing Phase 2, NHTSA has continued to consider these EISA requirements as well as relevant
environmental and safety considerations.

Although the standards established under the Phase 1 HD National Program have locked in long-
lasting gains in fuel efficiency, HD vehicle fuel consumption is still projected to grow as more trucks
are driven more miles. For this reason, new standards extending beyond Phase 1 are needed to
further improve energy security, save money for consumers and businesses, reduce harmful air
pollution, and lower costs for transporting goods. The Final Action and alternatives analyzed in this
EIS have, therefore, been developed to reflect the purpose and need specified by EPCA, EISA, the
Phase 1 HD National Program, and the president’s 2014 directive on developing Phase 2 HD vehicle
fuel efficiency and GHG standards.

Final Action and Alternatives and Analysis Methodologies

NEPA requires an agency to compare the potential environmental impacts of its proposed action and a
reasonable range of alternatives. NHTSA’s Action is to set HD vehicle fuel efficiency standards for MYs
2018 and beyond as part of joint rulemaking with EPA to establish what is referred to as the Phase 2 HD
National Program, in accordance with EPCA, as amended by EISA. The specific alternatives NHTSA
selected, described below and in Section 2.2 of this EIS, encompass a reasonable range within which to
set HD vehicle fuel efficiency standards and evaluate potential environmental impacts under NEPA.
Pursuant to CEQ regulations, the agency has included a No Action Alternative (Alternative 1), which
assumes that NHTSA would not issue a rule regarding HD vehicle fuel efficiency standards beyond Phase
1, and assumes that NHTSA’s Phase 1 HD standards and EPA’s Phase 1 HD vehicle GHG standards would
continue indefinitely. This alternative provides an analytical baseline against which to compare the
environmental impacts of the four action alternatives.

Alternatives

The specific alternatives selected by NHTSA encompass a reasonable range of alternatives by which to
evaluate the potential environmental impacts of Phase 2 of the HD Fuel Efficiency Improvement
Program under NEPA. At one end of this range is the No Action Alternative, which assumes that no
action would occur under the HD National Program. In addition to the No Action Alternative, NHTSA
examined four action alternatives, each of which would regulate the separate segments of the HD vehicle
fleet differently. Each of these action alternatives would include fuel consumption standards for engines
used in Classes 2b—8 vocational vehicles and tractors (specified as gallons of fuel per horsepower-hour
[gal/100 bhp-hr]); overall vehicle standards for HD pickups and vans (specified as gal/100 miles), Classes
2b-8 vocational vehicles, and Classes 7—8 tractors (specified as gallons of fuel per 1,000 ton payload miles
[gal/1,000 ton-miles]); and standards for certain trailers pulled by Classes 78 tractors (specified as
gal/1,000 ton-miles associated with “standard” reference tractors).

In the Proposed Rule and Draft EIS, the Preferred Alternative and Alternative 4 were designed to achieve
similar fuel efficiency and GHG emissions levels in the long term, but with Alternative 4 being accelerated
in its implementation timeline. In practice, this meant that Alternative 4 was more stringent than the
Preferred Alternative in the Draft EIS. In response to comments received on the Proposed Rule and
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Draft EIS, the agencies revised the Preferred Alternative. As a result, the Final EIS standards for the
Preferred Alternative are more stringent than the Draft EIS proposed standards for the Preferred
Alternative. Standards for Alternative 4 in this Final EIS are the same as the Alternative 4 standards in
the Draft EIS in order to provide a benchmark for comparison of the revised Preferred Alternative. Now,
the Preferred Alternative is more stringent than Alternative 4 in this Final EIS for some vehicle
categories. Under Alternative 2, standards are less stringent than the Preferred Alternative or Alternative
4. Alternative 5 represents more stringent standards compared to Alternatives 3 and 4. Alternatives 2
through 5 would regulate the same vehicle categories, with Alternative 2 being the least stringent
alternative and Alternative 5 being the most stringent.

Table S-1 and Figure S-1 show the vehicle categories that are the subject of the Final Rule. Section | of
the Final Rule and Section 2.2 provide more details about these vehicle categories and the specific
standards for the Preferred Alternative and other action alternatives.

Table S-1. HD Vehicle Categories by Gross Vehicle Class Weight Rating (pounds)

Class 2b Class 3 Class 4 Class 5 Class 6 Class 7 Class 8

8,501-10,000 10,001-14,000 [14,001-16,000 |16,001-19,500 | 19,501-26,000|26,001-33,000 | >33,000

HD Pickups and Vans (work trucks)

Vocational Vehicles (e.g., van trucks, utility “bucket” trucks, tank trucks, refuse trucks, buses, fire trucks, flat-bed
trucks, and dump trucks)

Tractors (for combination
tractor-trailers)

Figure S-1. HD Vehicle Categories
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Potential Environmental Consequences

This section describes how the Final Action and alternatives could affect energy use, air quality, and
climate (including non-climate impacts of carbon dioxide [CO,]), as reported in Chapters 3, 4, and 5 of
the EIS, respectively. The EIS also provides a life-cycle impact assessment of vehicle energy, materials,
and technologies, as reported in Chapter 6 of the EIS. This EIS also qualitatively describes potential
additional impacts on hazardous materials and regulated wastes, historic and cultural resources, safety
impacts on human health, noise, and environmental justice, as reported in Chapter 7 of the EIS.

The impacts on energy use, air quality, and climate described in the EIS include direct, indirect, and
cumulative impacts. Direct impacts occur at the same time and place as the action. Indirect impacts
occur later in time and/or are farther removed in distance. Cumulative impacts are the incremental
direct and indirect impacts resulting from the action added to those of other past, present, and
reasonably foreseeable future actions.

To derive the impacts of the action alternatives, NHTSA compares the action alternatives to the No
Action Alternative. The action alternatives in the direct and indirect impacts analysis and the cumulative
impacts analysis are the same, but the No Action Alternative under each analysis reflects different
assumptions to distinguish between direct and indirect impacts versus cumulative impacts.

e The analysis of direct and indirect impacts compares action alternatives with a No Action Alternative
that generally reflects a small forecast improvement in the average fuel efficiency of new HD
vehicles after 2018 due to market-based incentives for improving fuel efficiency. In this way, the
analysis of direct and indirect impacts isolates the portion of the fleet-wide fuel efficiency
improvement attributable directly and indirectly to the rule, and not attributable to reasonably
foreseeable future actions by manufacturers after 2018 to improve new HD vehicle fuel efficiency
even in the absence of new regulatory requirements.

e The analysis of cumulative impacts compares action alternatives with a No Action Alternative that
generally reflects no forecast improvement in the average fuel efficiency of new HD vehicles after
2018. As a result, the difference between the environmental impacts of the action alternatives and
the cumulative impacts baseline reflects the combined impacts of market-based incentives for
improving fuel efficiency after 2018 (i.e., reasonably foreseeable future changes in HD vehicle fuel
efficiency) and the direct and indirect impacts of the Phase 2 standards associated with each action
alternative. Therefore, this analysis reflects the cumulative impacts of reasonably foreseeable
improvements in fuel efficiency after 2018 due to market-based incentives in addition to the direct
and indirect impacts of the Phase 2 HD standards associated with each action alternative.

Energy

NHTSA’s Phase 2 standards regulate HD vehicle fuel efficiency and, therefore, affect U.S. transportation
fuel consumption. Transportation fuel comprises a large portion of total U.S. energy consumption and
energy imports and has a significant impact on the functioning of the energy sector as a whole. Because
transportation fuel consumption will account for most U.S. net energy imports through 2040 (as
explained in Chapter 3 of the EIS), the United States has the potential to achieve large reductions in
imported oil use and, consequently, in net energy imports during this time by improving the fuel
efficiency of HD vehicles. Reducing dependence on energy imports is a key component of President
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Obama’s May 29, 2014, All-of-the-Above Energy Strategy, which states that the development of HD
Phase 2 standards “will lead to large savings in fuel, lower carbon dioxide (CO,) emissions, and health
benefits from reduced particulate matter and ozone.”

Energy intensity measures the efficiency at which energy is converted to Gross Domestic Product (GDP),
with a high value indicating an inefficient conversion of energy to GDP and a lower value indicating a
more efficient conversion. From 2000 to 2011, the United States recorded substantial GDP growth with
almost no increase in energy consumption because of reductions in energy intensity. The Annual Energy
Outlook (AEQ) 2015 forecasts ongoing declines in U.S. energy intensity, with average 2013-2040 GDP
growth of 2.4 percent per year resulting in average annual energy consumption growth of just 0.3
percent.

Although U.S. energy efficiency has been increasing and the U.S. share of global energy consumption has
been declining in recent decades, total U.S. energy consumption has been increasing over that same
period. Most of the increase in U.S. energy consumption over the past decades has not come from
increased domestic energy production but instead from the increase in imports, largely for use in the
transportation sector. Transportation fuel consumption has grown steadily on an annual basis.
Transportation is now the largest consumer of petroleum in the U.S. economy and a major contributor
to U.S. net imports.

Petroleum is by far the largest source of energy used in the transportation sector. In 2012, petroleum
supplied 92 percent of transportation energy demand, and in 2040, petroleum is expected to supply

87 percent of transportation energy demand. Consequently, transportation accounts for the largest
share of total U.S. petroleum consumption. In 2012, the transportation sector accounted for 79 percent
of total U.S. petroleum consumption. In 2040, transportation is expected to account for 75 percent of
total U.S. petroleum consumption.

With petroleum expected to account for all U.S. net energy imports in 2040 and transportation expected
to account for 75 percent of total petroleum consumption, U.S. net energy imports in 2040 are expected
to result primarily from fuel consumption by light-duty and HD vehicles. The United States is poised to
reverse the trend of the last 4 decades and achieve large reductions in net energy imports through 2040
due to continuing increases in U.S. energy efficiency and recent developments in U.S. energy
production. Stronger fuel efficiency standards for HD vehicles have the potential to increase U.S. energy
efficiency in the transportation sector further and reduce U.S. dependence on petroleum.

In the future, the transportation sector will continue to be the largest component of U.S. petroleum
consumption and the second-largest component of total U.S. energy consumption, after the industrial
sector. NHTSA’s analysis of fuel consumption in this EIS assumes that fuel consumed by HD vehicles will
consist predominantly of gasoline and diesel fuel derived from petroleum for the foreseeable future.

Key Findings for Energy Use

To calculate fuel savings for each action alternative, NHTSA subtracted projected fuel consumption
under each action alternative from the level under the No Action Alternative. The fuel consumption and
savings figures presented below are for 2019-2050 (2050 is the year by which nearly the entire U.S. HD
vehicle fleet will most likely be composed of vehicles that are subject to the Phase 2 standards).
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Direct and Indirect Impacts

As the alternatives increase in stringency, total fuel consumption decreases. Table S-2 shows total
2019-2050 fuel consumption for each alternative and the direct and indirect fuel savings for each action
alternative compared with the No Action Alternative through 2050. This table reports total 2019-2050
fuel consumption in diesel gallon equivalents (DGE) for diesel, gasoline, natural gas (NG), and E85 fuel
for HD pickups and vans (Classes 2b—3), vocational vehicles (Classes 2b—8), and tractor-trailers (Classes
7-8) for each alternative. Gasoline accounts for approximately 56 percent of HD pickup and van fuel
use, 21 percent of vocational vehicle fuel use, and just 0.0001 percent of tractor-trailer fuel use. E85
accounts for less than 0.4 percent of HD pickup and van fuel use, and NG accounts for less than 1
percent of vocational vehicle and HD pickup and van fuel use. Diesel accounts for approximately 43
percent of HD pickup and van fuel use, 78 percent of vocational vehicle fuel use, and 100 percent of
tractor trailer fuel use.

Table S-2. Direct and Indirect HD Vehicle Fuel Consumption and Fuel Savings Impacts by Alternative,
2019-2050
Billion Diesel Gallon Equivalents (DGE)
Alt. 1 - Alt. 3 -

No Action Alt. 2 Preferred Alt. 4 Alt. 5
Fuel Consumption
HD Pickups and Vans 296.5 282.7 2721 271.2 267.5
Vocational Vehicles 364.1 344.8 324.3 330.3 316.5
Tractor Trucks and Trailers 1,182.9 1,130.1 1,015.9 1,041.7 972.4
All HD Vehicles 1,843.6 1,757.6 1,612.4 1,643.3 1,556.4
Fuel Savings Compared to Alt. 1 — No Action
HD Pickups and Vans -- 13.8 24.4 25.3 29.0
Vocational Vehicles -- 19.3 39.8 33.8 47.6
Tractor Trucks and Trailers -- 52.8 167.0 141.2 210.6
All HD Vehicles -- 85.9 231.2 200.3 287.1

Total fuel consumption from 2019 through 2050 across all HD vehicle classes under the No Action
Alternative is projected to amount to 1,843.6 billion DGE. Total projected 2019-2050 fuel consumption
across the action alternatives ranges from 1,757.6 billion DGE under Alternative 2 to 1,556.4 billion DGE
under Alternative 5. Less fuel would be consumed under each of the action alternatives than under the
No Action Alternative, with total 2019—-2050 direct and indirect fuel savings ranging from 85.9 billion
DGE under Alternative 2 to 287.1 billion DGE under Alternative 5. Under the Preferred Alternative, total
projected fuel consumption from 2019-2050 would be 1,612.4 billion DGE, and direct and indirect fuel
savings compared with the No Action Alternative would be 231.2 billion DGE.

Cumulative Impacts

As with direct and indirect impacts, fuel consumption under each action alternative would decrease with
increasing stringency under the cumulative impacts analysis, which incorporates other past, present,
and reasonably foreseeable future actions that would lead to improvements in HD vehicle fuel
efficiency. Table S-3 shows total 2019-2050 fuel consumption for each alternative and the cumulative
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fuel savings for each action alternative compared with the No Action Alternative through 2050. Total
2019-2050 fuel consumption for each action alternative in this table is the same as shown for the
corresponding action alternative in Table S-2. The No Action Alternative’s fuel consumption is higher in
Table S-3 than in Table S-2 because the No Action Alternative’s fuel consumption in Table S-3 generally
does not reflect forecast improvements in the average fuel efficiency of new HD vehicles MYs 2018 and
beyond due to market forces. The cumulative impact fuel savings resulting from each action alternative
are higher in Table S-3 than the direct and indirect impact fuel savings reported in Table S-2 because the
fuel savings in Table S-3 reflect the cumulative impact of market-based incentives for improving fuel
efficiency after 2018, plus the direct and indirect impacts of the Phase 2 HD standards associated with
each action alternative.

Table S-3. Cumulative HD Vehicle Fuel Consumption and Fuel Savings Impacts by Alternative, 2019-2050
Billion Diesel Gallon Equivalents (DGE)
Alt. 1 - Alt. 3 -
No Action Alt. 2 Preferred Alt. 4 Alt. 5

Fuel Consumption
HD Pickups and Vans 298.6 282.7 272.1 271.2 267.5
Vocational Vehicles 364.1 344.8 324.3 330.3 316.5
TT:;‘IT;‘: Trucks and 1,203.2 1,130.1 1,015.9 1,041.7 972.4
All HD Vehicles 1,865.9 1,757.6 1,612.4 1,643.3 1,556.4
Fuel Savings Compared to Alt. 1 — No Action
HD Pickups and Vans -- 15.9 26.5 27.4 31.1
Vocational Vehicles -- 19.3 39.8 33.8 47.6
Tractor Trucks and --

Traile 73.0 187.3 161.4 230.8

rs
All HD Trucks -- 108.3 253.5 222.6 309.4

Total fuel consumption from 2019 through 2050 across all HD vehicle classes under the No Action
Alternative in Table S-3 is projected to amount to 1,865.9 billion DGE. Total 2019-2050 projected fuel
consumption across alternatives ranges from 1,757.6 billion DGE under Alternative 2 to 1,556.4 billion
DGE under Alternative 5. Less fuel would be consumed under each of the action alternatives than under
the No Action Alternative, with total 2019-2050 cumulative fuel savings ranging from 108.3 billion DGE
under Alternative 2 to 309.4 billion DGE under Alternative 5. Under the Preferred Alternative, total
projected fuel consumption from 2019-2050 would be 1,612.4 billion DGE, and cumulative fuel savings
compared with the No Action Alternative would be 253.5 billion DGE.

Air Quality

Air pollution and air quality can affect public health, public welfare, and the environment. The Final Action
and alternatives under consideration would affect air pollutant emissions and air quality. The EIS air
quality analysis assesses the impacts of the alternatives in relation to emissions of pollutants of concern
from mobile sources, the resulting impacts on human health, and the monetized health benefits of
emissions reductions. Although air pollutant emissions generally decline under the action alternatives
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compared with the No Action Alternative, the magnitudes of the declines are not consistent across all
pollutants (and some air pollutant emissions might increase). This inconsistency reflects the complex
interactions between tailpipe emissions rates of the various vehicle types, the technologies NHTSA
assumes manufacturers will incorporate to comply with the standards, upstream emissions rates, the
relative proportions of gasoline and diesel in total fuel consumption reductions, and increases in vehicle
miles traveled (VMT).

Under the authority of the Clean Air Act and its amendments, EPA has established National Ambient Air
Quality Standards (NAAQS) for six relatively common air pollutants, known as “criteria” pollutants
because EPA regulates them by developing human health-based or environmentally based criteria for
setting permissible levels. The criteria pollutants are carbon monoxide (CO), nitrogen dioxide (NO3),
ozone, sulfur dioxide (S0O,), lead, and particulate matter (PM) with an aerodynamic diameter equal to or
less than 10 microns (PM10) and 2.5 microns (PM2.5, or fine particles). Ozone is not emitted directly
from vehicles but is formed from emissions of ozone precursor pollutants such as nitrogen oxides (NOx)
and volatile organic compounds (VOCs).

In addition to criteria pollutants, motor vehicles emit some substances defined by the 1990 Clean Air Act
amendments as hazardous air pollutants. Hazardous air pollutants include certain VOCs, compounds in
PM, pesticides, herbicides, and radionuclides that present tangible hazards based on scientific studies of
human (and other mammal) exposure. Hazardous air pollutants from vehicles are known as mobile-
source air toxics (MSATs). The MSATs included in this analysis are acetaldehyde, acrolein, benzene,
1,3-butadiene, diesel particulate matter (DPM), and formaldehyde. EPA and the Federal Highway
Administration have identified these air toxics as the MSATSs that typically are of greatest concern when
analyzing impacts of highway vehicles. DPM is a component of exhaust from diesel-fueled vehicles and
falls almost entirely within the PM2.5 particle-size class.

Health Effects of the Pollutants

The criteria pollutants assessed in the EIS have been shown to cause a range of adverse health effects at
various concentrations and exposures, including:

e Damage to lung tissue

e Reduced lung function

e Exacerbation of existing respiratory and cardiovascular diseases

e Difficulty breathing

e |rritation of the upper respiratory tract

e Bronchitis and pneumonia

e Reduced resistance to respiratory infections

e Alterations to the body’s defense systems against foreign materials
e Reduced delivery of oxygen to the body’s organs and tissues

e Impairment of the brain’s ability to function properly

e Cancer and premature death
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MSATs are also associated with adverse health effects. For example, EPA classifies acetaldehyde,
benzene, 1,3-butadiene, formaldehyde, and certain components of DPM as either known or probable
human carcinogens. Many MSATSs are also associated with non-cancer health effects, such as
respiratory irritation.

Contribution of U.S. Transportation Sector to Air Pollutant Emissions

The U.S. transportation sector is a major source of emissions of certain criteria pollutants or their
chemical precursors. Emissions of these pollutants from on-road mobile sources have declined
dramatically since 1970 as a result of pollution controls on vehicles and regulation of the chemical
content of fuels. Nevertheless, the U.S. transportation sector remains a major source of emissions of
certain criteria pollutants or their chemical precursors. On-road mobile sources (i.e., highway vehicles,
including vehicles covered by the Final Rule) are responsible for 24,796,000 tons per year of CO

(34 percent of total U.S. emissions), 185,000 tons per year (3 percent) of PM2.5 emissions, and 268,000
tons per year (1 percent) of PM10 emissions. HD vehicles contribute 6 percent of U.S. highway
emissions of CO, 66 percent of highway emissions of PM2.5, and 55 percent of highway emissions of
PM10. Almost all of the PM in motor vehicle exhaust is PM2.5; therefore, this analysis focuses on PM2.5
rather than PM10. On-road mobile sources also contribute 2,161,000 tons per year (12 percent of total
nationwide emissions) of VOCs and 5,010,000 tons per year (38 percent) of NOx emissions, which are
chemical precursors of ozone. HD vehicles contribute 8 percent of U.S. highway emissions of VOCs and
50 percent of NOx. In addition, NOx is a PM2.5 precursor, and VOCs can be PM2.5 precursors. SO, and
other oxides of sulfur (SOx) are important because they contribute to the formation of PM2.5 in the
atmosphere; however, on-road mobile sources account for less than 0.56 percent of U.S. SO, emissions.
With the elimination of lead in automotive gasoline, lead is no longer emitted from motor vehicles in
more than negligible quantities and is therefore not assessed in this analysis.

Methodology

To analyze air quality and human health impacts, NHTSA calculated the emissions of criteria pollutants and
MSATs from HD vehicles that would occur under each alternative. NHTSA then estimated the resulting
changes in emissions under each action alternative by comparing emissions under that alternative to those
under the No Action Alternative. The resulting changes in air quality and effects on human health were
assumed to be proportional to the changes in emissions projected to occur under each action alternative.

The air quality results, including impacts on human health, are based on a number of assumptions about
the type and rate of emissions from the combustion of fossil fuels. In addition to tailpipe emissions, this
analysis accounts for upstream emissions from the production and distribution of fuels. To estimate
Classes 2b—3 upstream emissions changes resulting from the decreased downstream fuel consumption,
the analysis uses the Volpe HD model, which incorporates emissions factors from the Greenhouse
Gases, Regulated Emissions, and Energy Use in Transportation model (GREET) model (2013 version
developed by the U.S. Department of Energy Argonne National Laboratory). The Volpe HD model uses
the decreased volumes of the fuels along with the emissions factors from GREET for the various fuel
production and transport processes to estimate the net changes in upstream emissions as a result of
fuel consumption changes. To estimate Classes 4—8 upstream emissions, the analysis uses a
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spreadsheet model developed by EPA that uses an identical methodology based on GREET emissions
factors.

Key Findings for Air Quality

The findings for air quality effects are shown for 2040 in this summary, a mid-term forecast year by which
time a large proportion of HD vehicle miles traveled would be accounted for by vehicles that meet the
Phase 2 standards. The EIS provides findings for air quality effects for 2018, 2025, 2040, and 2050. In
general, emissions of criteria air pollutants decrease with increased stringency across alternatives, with
few exceptions. The changes in emissions reflect the complex interactions among the tailpipe emissions
rates of the various vehicle types, the technologies assumed to be incorporated by manufacturers in
response to the Phase 2 standards, upstream emissions rates, the relative proportions of gasoline and
diesel in total fuel consumption reductions, and increases in VMT. To estimate the reduced incidence of
PM2.5-related adverse health effects and the associated monetized health benefits from the emissions
reductions, NHTSA multiplied direct PM2.5 and PM2.5 precursor (NOx, SO,, and VOCs) emissions
reductions by EPA-provided pollutant-specific benefit-per-ton estimates. Reductions in adverse health
outcomes include reduced incidences of premature mortality, acute bronchitis, respiratory emergency
room visits, and work-loss days.

Direct and Indirect Impacts

Criteria Pollutants

e Emissions of criteria pollutants are highest under the No Action Alternative; they decline as fuel
consumption decreases from the least stringent action alternative (Alternative 2) to the most stringent
alternative (Alternative 5), with the exception of Alternative 4 for some pollutants and years, and CO
emissions which increase slightly under all action alternatives in 2018 (Figure S-2). Many of the
emissions changes are relatively small, especially for CO and PM2.5, which were reduced by less than
13 percent in 2040 under all alternatives.

e Emissions reductions were greatest under Alternative 5 for all criteria pollutants (except CO in
2018). By 2050 these reductions ranged from 7 percent for CO to 22 percent for SO..

e Under the Preferred Alternative, emissions of all criteria pollutants in 2040 are reduced compared to
emissions under the No Action Alternative. By 2050 these reductions ranged from 4 percent for CO
to 19 percent for SO,.

Hazardous Air Pollutants

e Emissions of MSATSs are highest under the No Action Alternative; they decline as fuel consumption
decreases from the least stringent action alternative (Alternative 2) to the most stringent alternative
(Alternative 5), with the exception of Alternatives 2, 4, and 5 for acrolein and 1,3-butadiene
(Figure S-3). The emissions changes are relatively small, less than 8 percent for all MSATs under all
alternatives and years.

e Emissions changes were greatest under Alternatives 4 and 5 for all MSATSs, with the exception that
changes in acetaldehyde and acrolein emissions were greatest under the Preferred Alternative in
some years. By 2050 these changes ranged from a reduction of 8 percent for benzene (under
Alternative 5) to an increase of 5 percent for 1,3-butadiene (under Alternative 4).
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Figure S-2. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. HD Vehicles for 2040 by Alternative, Direct and Indirect Impacts
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Figure S-3. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. HD Vehicles for 2040 by Alternative, Direct and Indirect Impacts
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e Under the Preferred Alternative, emissions of all MSATs in 2040 are reduced compared to emissions
under the No Action Alternative. Under the Preferred Alternative by 2050, emissions of 1,3-
butadiene were reduced by less than 1 percent, emissions of acrolein by 1 percent, emissions of
acetaldehyde by 2 percent, emissions of formaldehyde by 3 percent, emissions of DPM by 6 percent,
and emissions of benzene by 7 percent.

Health and Monetized Health Benefits

e All action alternatives would generally result in reduced adverse health effects (mortality, acute
bronchitis, respiratory emergency room visits, and work-loss days) nationwide compared with the
No Action Alternative, with increasing reductions from the least stringent (Alternative 2) to the most
stringent (Alternative 5) alternatives, with the exception of Alternative 4 in some analysis years.

e Because monetized health benefits increase with reductions in adverse health effects, monetized
benefits increase across alternatives along with increasing HD vehicle fuel efficiency standards, again
with the exception of Alternative 4 in some analysis years. When estimating quantified and
monetized health impacts, EPA relies on results from two PM2.5-related premature mortality
studies it considers equivalent: Krewski et al. (2009) and Lepeule et al. (2012). EPA recommends
that monetized benefits be shown by using incidence estimates derived from each of these studies
and valued using a 3 percent and a 7 percent discount rate to account for an assumed lag in the
occurrence of mortality after exposure, for a total of four separate calculations of monetized health
benefits. Using these four calculations, estimated monetized health benefits in 2040 range from
$1.8 billion to $15.5 billion under all action alternatives.

e Estimated monetized health benefits in 2040 range from $1.8 to $4.4 billion under Alternative 2,
$5.0 to $12.4 billion under the Preferred Alternative, $4.5 to $11.2 billion under Alternative 4, and
$6.2 to $15.5 billion under Alternative 5.

See Section 4.2.1 of this EIS for data on the direct effects of criteria and hazardous air pollutant
emissions and the monetized health benefits for the alternatives.

Cumulative Impacts

Criteria Pollutants

e Cumulative emissions of criteria pollutants are highest under the No Action Alternative; they decline
as fuel consumption decreases across the action alternatives, with the exception of Alternative 4 for
some pollutants and years, and CO emissions which increase slightly under all action alternatives in
2018. Many of the emissions changes are relatively small, especially for CO and PM2.5, which were
reduced by 14 percent or less in 2040 under all alternatives (Figure S-4).

e Emissions reductions were greatest under Alternative 5 for all criteria pollutants (except CO in
2018). By 2050 these reductions ranged from 7 percent for CO to 24 percent for SO,.

e Under the Preferred Alternative, emissions of all criteria pollutants in 2040 are reduced compared to
emissions under the No Action Alternative. By 2050 these reductions ranged from 4 percent for CO
to 17 percent for SO,.
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Figure S-4. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. HD Vehicles for 2040 by Alternative, Cumulative Impacts
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Hazardous Air Pollutants

e Emissions of MSATs are highest under the No Action Alternative; they generally decline as fuel
consumption decreases from the least stringent action alternative (Alternative 2) to the most
stringent alternative (Alternative 5), with the exception of Alternatives 2, 4, and 5 for acrolein and
1,3-butadiene (Figure S-5). The emissions changes are relatively small, less than 9 percent for all
MSATs under all alternatives and years.

e Emissions changes were greatest under Alternatives 4 and 5 for all MSATSs, with the exception that
changes in acetaldehyde and acrolein emissions were greatest under the Preferred Alternative in
some years. By 2050 these reductions ranged from a reduction of 9 percent for benzene (under
Alternative 5) to an increase of 4 percent for 1,3-butadiene (under Alternative 4).

e Under the Preferred Alternative, emissions of all MSATs in 2040 are the same or reduced compared
to emissions under the No Action Alternative. By 2050, emissions of 1,3-butadiene were reduced by
less than 1 percent, emissions of acrolein by 1 percent, emissions of acetaldehyde by 1 percent,
emissions of formaldehyde by 3 percent, emissions of DPM by 7 percent, and emissions of benzene
by 8 percent.

Health and Monetized Health Benefits

e All action alternatives would generally result in reduced adverse health effects (mortality, acute
bronchitis, emergency room visits for asthma, and work-loss days) nationwide compared with the
No Action Alternative, with the same or increasing reductions from the least stringent (Alternative
2) to the most stringent (Alternative 5) alternatives, with the exception of Alternative 4 in some
analysis years.

e Estimated monetized health benefits in 2040 range from $2.3 to $17.0 billion for all alternatives.

e Estimated monetized health benefits in 2040 range from $2.3 to $5.8 billion under Alternative 2,
$5.6 to $13.9 billion under the Preferred Alternative, $5.1 to $12.6 billion under Alternative 4, and
$6.8 to $17.0 billion under Alternative 5.

See Section 4.2.2 of this EIS for cumulative impacts data on criteria and hazardous air pollutant
emissions and the monetized health benefits for the alternatives.
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Figure S-5. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. HD Vehicles for 2040 by Alternative, Cumulative Impacts
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Climate

Earth absorbs heat energy from the sun and returns most of this heat to space as terrestrial infrared
radiation. GHGs trap heat in the lower atmosphere (the atmosphere extending from Earth’s surface to
approximately 4 to 12 miles above the surface) by absorbing heat energy emitted by Earth’s surface and
lower atmosphere, and reradiating much of it back to Earth’s surface, thereby causing warming. This
process, known as the greenhouse effect, is responsible for maintaining surface temperatures that are
warm enough to sustain life. Most GHGs, including CO,, methane (CH4), nitrous oxide (N2O), water
vapor, and ozone, occur naturally. Human activities, particularly fossil-fuel combustion, lead to the
presence of increased concentrations of GHGs in the atmosphere, thereby intensifying the warming
associated with the Earth’s greenhouse effect (Figure S-6).

Figure S-6. Human Influence on the Greenhouse Effect

Natural Greenhouse Effect
Greenhouse Effect Intensified by Humans

Source: GCRP (U.S. Global Change Research Program) 2014. Global Climate Change Impacts in the United States.
2014: Climate Change Impacts in the United States: The Third National Climate Assessment. U.S. Global Change
Research Program. Washington, DC.

Since the industrial revolution, when fossil fuels began to be burned in increasing quantities,
concentrations of GHGs in the atmosphere have increased. Atmospheric concentrations of CO; have
increased by more than 40 percent since pre-industrial times, while the concentration of CH, is now
150 percent above pre-industrial levels. This buildup of GHGs in the atmosphere is changing the Earth’s
energy balance and causing the planet to warm, which in turn affects sea levels, precipitation patterns,
cloud cover, ocean temperatures and currents, and other climatic conditions. Scientists refer to this
phenomenon as “global climate change.”

S-18



Summary

During the past century, Earth’s surface temperature has risen by approximately 0.8 degree Celsius (°C)
(1.4 degrees Fahrenheit [°F]), and sea levels have risen 19 centimeters (7.5 inches), with a rate of increase
of approximately 3.2 millimeters (0.13 inch) per year from 1993 to 2010. These observed changes in the
global climate are largely a result of GHG emissions from human activities. The United Nations
Environment Programme and the World Meteorological Organization established Intergovernmental Panel
on Climate Change (IPCC) has concluded that “[HJuman influence has been detected in warming of the
atmosphere and the ocean, in changes in the global water cycle, in reductions in snow and ice, in global
mean sea-level rise, and in changes in some climate extremes...It is extremely likely that human influence
has been the dominant cause of the observed warming since the mid-20th century.”

Throughout this EIS, NHTSA has relied extensively on findings of the IPCC, U.S. Climate Change Science
Program (CCSP), National Research Council (NRC), Arctic Council, U.S. Global Change Research Program
(GCRP), and EPA. This discussion focuses heavily on the most recent thoroughly peer-reviewed and
credible assessments of global and U.S. climate change. See Section 5.1 of this EIS for more detail.

Impacts of Climate Change

Climate change is expected to have a wide range of effects on temperature, sea level, precipitation
patterns, and severe weather events, which in turn could affect human health and safety, infrastructure,
food and water supplies, and natural ecosystems. For example:

e Impacts on freshwater resources could include changes in water demand such as significant
increases in irrigation needs, water shortages, general variability in water supply, and increasing
flood risk in response to flooding, drought, changes in snowpack and the timing of snow melt,
changes in weather patterns, and saltwater intrusions from sea-level rise.

e Impacts on terrestrial and freshwater ecosystems could include shifts in the range and seasonal
migration patterns of species, relative timing of species’ life-cycle events, potential extinction of
sensitive species that are unable to adapt to changing conditions, increases in the occurrence of
forest fires and pest infestations, and changes in habitat productivity due to increased atmospheric
concentrations of CO,.

e Impacts on ocean systems, coastal, and low-lying areas could include the loss of coastal areas due to
submersion and/or erosion, reduction in coral reefs and other key habitats thereby affecting the
distribution, abundance, and productivity of many marine species, increased vulnerability of the
built environment and associated economies to severe weather and storm surges, and increased
salinization of estuaries and freshwater aquifers.

e Impacts on food, fiber, and forestry could include increasing tree mortality, forest ecosystem
vulnerability, productivity losses in crops and livestock, and changes in the nutritional quality of
pastures and grazelands in response to fire, insect infestations, increases in weeds, drought, disease
outbreaks, and/or extreme weather events. Many marine fish species could migrate to deeper
and/or colder water in response to rising ocean temperatures. Impacts on food, including yields,
food processing, storage, and transportation, could affect food prices and food security globally.

e Impacts on rural and urban areas could include affecting water and energy supplies, wastewater and
stormwater systems, transportation, telecommunications, provision of social services, agricultural
incomes, and air quality. The impacts could be greater for vulnerable populations such as lower-
income populations, the elderly, those with existing health conditions, and young children.
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e Impacts on human health could include increased mortality and morbidity due to excessive heat,
increases in respiratory conditions due to poor air quality and aeroallergens, increases in water and
food-borne diseases, changes in the seasonal patterns of vector-borne diseases, and increases in
malnutrition. The most disadvantaged groups such as children, elderly, sick, and low-income
populations are especially vulnerable.

e Impacts on human security could include increased threats in response to adversely affected
livelihoods, compromised cultures, increased and/or restricted migration, increased risk of armed
conflicts, reduction in providing adequate essential services such as water and energy, and increased
geopolitical rivalry.

Climate change has been projected to have a direct impact on stratospheric ozone recovery, although
there are large elements of uncertainty within these projections.

In addition to its role as a GHG in the atmosphere, CO, is transferred from the atmosphere to water,
plants, and soil. In water, CO, combines with water molecules to form carbonic acid. When CO,
dissolves in seawater, a series of well-known chemical reactions begins that increases the concentration
of hydrogen ions and makes seawater more acidic, which adversely affects corals and other marine life.

Increased concentrations of CO; in the atmosphere can also stimulate plant growth to some degree, a
phenomenon known as the CO; fertilization effect. The available evidence indicates that different plants
respond in different ways to enhanced CO; concentrations under varying climatic conditions.

Contribution of the U.S. Transportation Sector to U.S. and Global CO, Emissions

Contributions to the buildup of CO; and other GHGs in the atmosphere vary greatly from country to
country and depend heavily on the level of industrial and economic activity. Emissions from the United
States account for approximately 15.1 percent of total global CO, emissions (according to the World
Resources Institute’s Climate Analysis Indicators Tool).

As shown in Figure S-7, the U.S. transportation sector accounted for 31.3 percent of total U.S. CO,
emissions in 2014, with HD vehicles accounting for 24.2 percent of total U.S. CO, emissions from
transportation. Therefore, approximately 7.6 percent of total U.S. CO; emissions were from HD vehicles.
These U.S. HD vehicles account for 1.1 percent of total global CO, emissions, based on the
comprehensive global CO, emissions data available for 2012 (WRI 2016).
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Figure S-7. Contribution of Transportation to U.S. CO2 Emissions and Proportion Attributable by Mode, 2014
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Source: EPA 2016c. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2014. EPA 430-R-16-002.

Key Findings for Climate

The action alternatives would decrease the growth in global GHG emissions

compared with the

No Action Alternative, resulting in reductions in the anticipated increases in CO, concentrations,
temperature, precipitation, and sea level that would otherwise occur. They would also, to a small

degree, reduce the impacts and risks of climate change.

Under the No Action Alternative, total CO, emissions from HD vehicles in the United States will increase
substantially between 2018 and 2100.?> Growth in the number of HD vehicles in use throughout the
United States, combined with assumed increases in their average use, is projected to result in growth in
VMT. Because CO; emissions are a direct consequence of total fuel consumption, the same result is

projected for total CO, emissions from HD vehicles.

NHTSA estimates that the action alternatives will reduce fuel consumption and CO, emissions compared
with what they would be in the absence of the standards (i.e., fuel consumption and CO, emissions

under the No Action Alternative) (Figure S-8).

2 Because CO,; accounts for such a large fraction of total GHGs emitted during fuel production and use—more than 97 percent,
even after accounting for the higher GWPs of other GHGs—NHTSA’s consideration of GHG impacts focuses on reductions in CO,

emissions expected under the action alternatives.
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Figure S-8. Projected Annual COz Emissions (MMTCO:) from All HD Vehicles by Alternative, Direct and Indirect
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The global emissions scenario used in the cumulative impacts analysis (and described in Chapter 5 of this
EIS) differs from the global emissions scenario used for climate change modeling of direct and indirect
impacts. In the cumulative impacts analysis, the Reference Case global emissions scenario used in the
climate modeling analysis reflects reasonably foreseeable actions in global climate change policy; in
contrast, the global emissions scenario used for the analysis of direct and indirect impacts assumes that
no significant global controls on GHG emissions will be adopted. See Section 5.3.3.3.2 of the EIS for
more explanation of the cumulative impacts methodology.

Estimates of GHG emissions and reductions (direct and indirect impacts and cumulative impacts) are
presented below for each of the five alternatives. Key climate effects, such as mean global increase in
surface temperature and sea-level rise, which result from changes in GHG emissions, are also presented
for each of the five alternatives. These effects are typically modeled to 2100 or longer because of the
amount of time required for the climate system to show the effects of the GHG emissions reductions.
This inertia reflects primarily the amount of time required for the ocean to warm in response to
increased radiative forcing.

The impacts of the action alternatives on global mean surface temperature, precipitation, or sea-level
rise are small in relation to the expected changes associated with the emissions trajectories that
assume that no significant global controls on GHG emissions are adopted. This is because of the
global and multi-sectoral nature of the climate problem. Although these effects are small, they occur
on a global scale and are long lasting; therefore, in aggregate, they can have large consequences for
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health and welfare and can make an important contribution to reducing the risks associated with
climate change.

Direct and Indirect Impacts

Greenhouse Gas Emissions

e HD vehicles are projected to emit 67,500 million metric tons of carbon dioxide (MMTCO5) in the
period 2018-2100 under the No Action Alternative. Alternative 2 would reduce these emissions by
6 percent by 2100, the Preferred Alternative by 16 percent, Alternative 4 by 13 percent, and
Alternative 5 by 19 percent. Figure S-8 shows projected annual CO; emissions from HD vehicles
under each alternative. As shown in the figure, emissions are highest under the No Action
Alternative, while Alternatives 2 through 5 show increasing reductions in emissions compared with
emissions under the No Action Alternative (with the exception of Alternative 4, which would have
lower emissions reductions than the Preferred Alternative for certain analysis years).

e Compared with total projected CO, emissions of 801 MMTCO; from all HD vehicles under the No
Action Alternative in 2100, the action alternatives are expected to reduce CO; emissions from HD
vehicles in 2100 by 6 percent under Alternative 2, 18 percent under the Preferred Alternative, 15
percent under Alternative 4, and 22 percent under Alternative 5.

e Compared with total global CO, emissions from all sources of 5,063,078 MMTCO, under the No
Action Alternative from 2018 through 2100, the action alternatives are expected to reduce global
CO; emissions between 0.1 and 0.3 percent by 2100.

The emissions reductions in 2025 under each of the action alternatives compared with emissions under
the No Action Alternative are approximately equivalent to the annual emissions from 0.5 million HD
vehicles under Alternative 2, 1.1 million HD vehicles under the Preferred Alternative, 1.2 million HD
vehicles under Alternative 4, and 1.8 million HD vehicles under Alternative 5.

CO; Concentration, Global Mean Surface Temperature, Sea-Level Rise, and Precipitation

CO, emissions affect the concentration of CO; in the atmosphere, which in turn affects global
temperature, sea level, and precipitation patterns. For the analysis of direct and indirect impacts,
NHTSA used the Global Change Assessment Model Reference scenario (see Section 5.3.3.3.1 of this EIS
for more details) to represent the Reference Case emissions scenario (i.e., future global emissions
assuming no additional climate policy).

e Estimated CO, concentrations in the atmosphere for 2100 would range from 788.0 parts per million
(ppm) under Alternative 5 to approximately 789.1 ppm under the No Action Alternative, indicating a
maximum atmospheric CO; reduction of approximately 1.1 ppm compared to the No Action
Alternative. The Preferred Alternative would reduce global CO, concentrations by approximately 1.0
ppm from CO; concentrations under the No Action Alternative.

e Global mean surface temperature is anticipated to increase by approximately 3.48°C (6.27°F) under
the No Action Alternative by 2100. Implementing the most stringent alternative (Alternative 5)
would reduce this projected temperature increase by 0.004°C (0.008°F), while implementing the
least stringent alternative (Alternative 2) would reduce projected temperature increase by up to
0.001°C (0.002°F). The Preferred Alternative would decrease projected temperature increase under
the No Action Alternative by 0.004°C (0.008°F). Figure S-9 shows the reduction in projected global
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mean surface temperature under each action alternative compared with temperatures under the No
Action Alternative.

Projected sea-level rise in 2100 ranges from a high of 76.28 centimeters (30.03 inches) under the
No Action Alternative to a low of 76.19 centimeters (30.00 inches) under Alternative 5. Therefore,
the most stringent alternative would result in a maximum reduction in sea-level rise equal to

0.09 centimeter (0.03 inch) by 2100 compared with the level projected under the No Action
Alternative. Sea-level rise under the Preferred Alternative would be reduced by 0.07 centimeter
(0.03 inch) compared with the No Action Alternative.

Global mean precipitation is anticipated to increase by 5.85 percent by 2100 under the No Action
Alternative. Under the action alternatives, this increase in precipitation would be reduced by less
than 0.01 percent.

Figure S-9. Reduction in Global Mean Surface Temperature Compared with the No Action Alternative, Direct

and Indirect Impacts
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Cumulative Impacts

Greenhouse Gas Emissions

Projections of total emissions reductions over the 2018-2100 period under the action alternatives
and other reasonably foreseeable future actions (i.e., forecast HD vehicle fuel efficiency increases
resulting from market-driven demand) compared with the No Action Alternative range from 5,000
MMTCO; (under Alternative 2) to 14,200 MMTCO; (under Alternative 5). Falling between these two
extremes, the Preferred Alternative would reduce emissions by 12,100 MMTCO;. The action
alternatives would reduce total HD vehicle emissions by between 7 percent (under Alternative 2)
and 21 percent (under Alternative 5) by 2100. Again falling between these two extremes, the
Preferred Alternative would reduce total HD vehicle emissions by 18 percent by 2100. Figure S-10
shows projected annual CO; emissions from HD vehicles by alternative compared with the No Action
Alternative.

Compared with projected total global CO; emissions of 4,154,831 MMTCO; from all sources from
2018-2100, the incremental impact of this rulemaking is expected to reduce global CO; emissions
between 0.1 and 0.3 percent by 2100.

Figure S-10. Projected Annual CO; Emissions (MMTCO:) from HD Vehicles by Alternative, Cumulative Impacts
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CO, Concentration, Global Mean Surface Temperature, Sea-Level Rise, and Precipitation

Estimated atmospheric CO, concentrations in 2100 range from a low of 686.1 ppm under
Alternative 5 to a high of 687.3 ppm under the No Action Alternative. The Preferred Alternative
would result in CO; concentrations of 686.3 ppm, a reduction of 1.0 ppm compared with the No
Action Alternative.

The reduction in global mean temperature increase for the action alternatives compared with the
No Action Alternative in 2100 ranges from a low of 0.002°C (0.004°F) under Alternative 2 to a high of
0.005°C (0.009°F) under Alternative 5. The Preferred Alternative would result in a reduction of
0.004°C (0.007°F) from the projected temperature increase of 2.838°C (5.108°F) under the No Action
Alternative. Figure S-11 illustrates the reductions in the increase in global mean temperature under
each action alternative compared with the No Action Alternative.

Projected sea-level rise in 2100 ranges from a high of 70.22 centimeters (27.65 inches) under the

No Action Alternative to a low of 70.12 centimeters (27.61 inches) under Alternative 5, indicating a
maximum reduction of sea-level rise equal to 0.10 centimeter (0.04 inch) by 2100 from the level that
could occur under the No Action Alternative. Sea-level rise under the Preferred Alternative would
be 70.14 centimeters (27.62 inches), a 0.09-centimeter (0.04-inch) reduction compared with the

No Action Alternative.

See Section 5.4 of this EIS for more details about direct, indirect, and cumulative impacts on climate.

Figure S-11. Reduction in Global Mean Surface Temperature Compared with the No Action Alternative,
Cumulative Impacts
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Health, Societal, and Environmental Impacts of Climate Change

The action alternatives would reduce the impacts of climate change that would otherwise occur under
the No Action Alternative. The magnitude of the changes in climate effects that would be produced by
the most stringent action alternative (Alternative 5) by the year 2100 is roughly 1.2 ppm less CO,, a few
thousandths of a degree difference in temperature increase, a small percentage change in the rate of
precipitation increase, and about 1 millimeter (0.03 inch) of sea-level rise. Although the projected
reductions in CO; and climate effects are small compared with total projected future climate change,
they are quantifiable and directionally consistent and would represent an important contribution to
reducing the risks associated with climate change. Although NHTSA does quantify the reductions in
monetized damages that can be attributable to each action alternative (in the social cost of carbon
analysis), many specific impacts on health, society, and the environment cannot be estimated
quantitatively. Therefore, NHTSA provides a detailed discussion of the impacts of climate change on
various resource sectors in Section 5.5 of the EIS. Section 5.6 discusses the changes in non-climate
impacts (such as ocean acidification by CO;) associated with the alternatives.
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Phase 2 Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles Final EIS

CHAPTER 1 PURPOSE AND NEED FOR THE ACTION

1.1 Introduction

The Energy Policy and Conservation Act of 1975 (EPCA)! mandated that the National Highway Traffic
Safety Administration (NHTSA) establish and implement a regulatory program for motor vehicle fuel
economy.? As codified in Chapter 329 of Title 49 of the U.S. Code (U.S.C.), and as amended by the
Energy Independence and Security Act of 2007 (EISA),® EPCA sets forth specific requirements concerning
the establishment of average fuel economy standards for passenger cars and light trucks, which are
motor vehicles with a gross vehicle weight rating (GVWR) less than 8,500 pounds and medium-duty
passenger vehicles with a GVWR less than 10,000 pounds.* This regulatory program, known as the
Corporate Average Fuel Economy Program (CAFE), was established to reduce national energy
consumption by increasing the fuel economy of these automobiles.

EISA was enacted in December 2007, providing the U.S. Department of Transportation (DOT)—and
NHTSA, by delegation—new authority to implement, via rulemaking and regulations, “a commercial
medium- and heavy-duty on-highway vehicle® and work truck® fuel efficiency improvement program
designed to achieve the maximum feasible improvement” for motor vehicles with a GVWR of 8,500
pounds or greater, except for medium-duty passenger vehicles already covered under CAFE.” This broad
sector—ranging from large pickups to sleeper-cab tractors—represents the second-largest contributor
to oil consumption and greenhouse gas (GHG) emissions from the transportation sector, after light-duty
passenger cars and trucks. EISA directs NHTSA to “adopt and implement appropriate test methods,
measurement metrics, fuel economy standards, and compliance and enforcement protocols that are
appropriate, cost-effective, and technologically feasible for commercial medium- and heavy-duty on-
highway vehicles and work trucks.”® This authority permits NHTSA to set “separate standards for
different classes of vehicles.”® Commercial medium-duty and heavy-duty on-highway vehicles and work

1 Pub. L. No. 94-163, 89 Stat. 871 (Dec. 22, 1975). EPCA was enacted to serve the United States’ energy demands
and promote energy conservation when feasibly obtainable.

2 EPCA directs the Secretary of Transportation to set and implement fuel economy standards for passenger cars
and light trucks sold in the United States. The Secretary has delegated responsibility for implementing EPCA fuel
economy requirements to NHTSA. 49 CFR §§ 1.95, 501.2.

3 Pub. L. No. 110-140, 121 Stat. 1492 (Dec. 19, 2007). EISA amends and builds on EPCA by setting out a
comprehensive energy strategy for the 21 century, including the reduction of fuel consumption from all motor
vehicle sectors.

449 U.S.C. §§ 32901(a)(3), (a)(17)-(19).

5 EISA added the following definition to the U.S.C. automobile fuel economy chapter: “commercial medium- and
heavy-duty on-highway vehicle” means an on-highway vehicle with a gross vehicle weight rating of 10,000 pounds
or more. 49 U.S.C. § 32901(a)(7).

6 EISA added the following definition to the U.S.C. automobile fuel economy chapter: “work truck” means a vehicle
that — (A) is rated at between 8,500 and 10,000 pounds gross vehicle weight; and (B) is not a medium-duty
passenger vehicle (MDPV) (as defined in section 86.1803-01 of title 40, Code of Federal Regulations, as in effect on
the date of the enactment of [EISA]). 49 U.S.C. § 32901(a)(19).

749 U.S.C. § 32902(K)(2).
8 1d.
3 /d.
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Chapter 1 Purpose and Need for the Action

trucks, including their engines and certain trailers, are hereinafter referred to collectively as “HD
vehicles.”%0 EISA also provides for regulatory lead time and regulatory stability. EISA dictates that the
HD Fuel Efficiency Improvement Program NHTSA implements must provide not fewer than 4 full model
years of regulatory lead time and 3 full model years of regulatory stability.

Consistent with these requirements and in consultation with the U.S. Environmental Protection Agency
(EPA) and Department of Energy (DOE), NHTSA established the first fuel efficiency standards for HD
vehicles in September 2011, as part of a comprehensive HD National Program to reduce GHG emissions
and fuel consumption for HD vehicles.?? Those fuel efficiency standards constituted the first phase
(Phase 1) of the NHTSA HD Fuel Efficiency Improvement Program. They were established to begin in
model year (MY) 2016 and remain stable through MY 2018, consistent with EISA’s requirements.
Although EISA prevented NHTSA from enacting mandatory standards before MY 2016, NHTSA
established voluntary compliance standards for MYs 2014-2015 prior to mandatory regulation in MY
2016. Throughout this EIS, NHTSA refers to the rulemaking and EIS associated with the MY 2014-2018
HD vehicle fuel efficiency standards described in this paragraph as “Phase 1” or “Phase 1 HD National
Program.”

In February 2014, the president directed NHTSA and EPA to develop and issue the next phase of HD
vehicle fuel efficiency and GHG standards, as stated in the White House's report, Improving the Fuel
Efficiency of American Trucks — Bolstering Energy Security, Cutting Carbon Pollution, Saving Money and
Supporting Manufacturing Innovation (White House 2014a). Consistent with this directive, NHTSA is
establishing fuel efficiency standards for HD vehicles for MYs 2018 and beyond* as part of a joint

10 For purposes of this EIS, the term heavy-duty or HD applies to almost all on-highway engines and vehicles that
are not within the range of passenger cars, light trucks, and MDPVs covered by the greenhouse gas and CAFE
standards issued for model years (MY) 2017-2025. The term also does not include motorcycles. In addition, for
the purpose of this EIS, this term includes recreational vehicles, which is in contrast to how this term was used in
the EIS associated with the MY 2014—-2018 HD vehicle fuel efficiency standards. See Section I.E.2.b of the Final
Rule for a discussion of why NHTSA is including recreational vehicles within the scope of the HD Fuel Efficiency
Improvement Program. For background on the HD vehicle segment, and fuel efficiency improvement technologies
available for those vehicles, see the following reports recently issued by the National Academy of Sciences:
Technologies and Approaches to Reducing the Fuel Consumption of Medium- and Heavy-Duty Vehicles (NAS 2010)
and Reducing the Fuel Consumption and Greenhouse Gas Emissions of Medium- and Heavy-Duty Vehicles, Phase
Two: First Report (NAS 2014).

1149 U.S.C. § 32902(k)(3).

12 In the context of 49 U.S.C. § 32902(k), NHTSA interprets “fuel economy standards” broadly in order to account as
accurately as possible for HD vehicle fuel efficiency. The Phase 1 Final Rule explained that NHTSA opted to set the
HD fuel efficiency standards using metrics other than miles per gallon to account for the work performed by
various types of HD vehicles. Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for Medium- and
Heavy-Duty Engines and Vehicles; Final Rule, 76 FR 57106 (Sept. 15, 2011) (hereinafter “Phase 1 Final Rule”).

13 NHTSA’s Phase 1 standards for HD pickups and vans allowed manufacturers to select one of two fuel
consumption standard alternatives for MY 2016 and later. The first alternative defined individual gasoline vehicle
and diesel vehicle fuel consumption target curves that do not change for model years 2016-2018, and are
equivalent to EPA’s compliance alternative of 67-67—-67-100 percent target curves in MYs 2016-2017-2018-2019,
respectively. The second alternative used target curves that are equivalent to the EPA’s 40—-60—-100 percent target
curves in MYs 2016—-2017-2018, respectively. These standards would have remained in effect indefinitely at their
MY 2018 or 2019 levels. See Phase 1 Final Rule, supra note 12 at 57119.

14 This Final Action establishes new standards beginning with MY 2018 for certain trailers and MY 2021 for all of the
other HD vehicle categories, with stringency increases through MY 2027 for some segments. Standards will remain
at the final stringency levels until amended by a future rulemaking.
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Chapter 1 Purpose and Need for the Action

rulemaking with EPA to establish the Phase 2 HD National Program (also referred to as “Phase 2”). As
with Phase 1 and as directed by EISA, NHTSA has conducted the Phase 2 HD Fuel Efficiency Improvement
Program rulemaking in consultation with EPA and DOE.*®

Pursuant to the National Environmental Policy Act!® (NEPA), federal agencies proposing “major federal
actions significantly affecting the quality of the human environment” must, “to the fullest extent
possible,” prepare “a detailed statement” on the environmental impacts of the proposed action,
including alternatives to the proposed action.'” To inform its development of Phase 2 standards,
pursuant to Council on Environmental Quality (CEQ) NEPA implementing regulations, DOT Order
5610.1C, and NHTSA regulations,® NHTSA has prepared this EIS, which analyzes, discloses, and
compares the potential environmental impacts of a reasonable range of action alternatives (including a
Preferred Alternative) and the No Action Alternative. The Draft EIS was issued together with the Phase 2
Notice of Proposed Rulemaking (NPRM)® on June 19, 2015.%°

1.2 Purpose and Need

NEPA requires that agencies develop alternatives to a proposed action based on the action’s purpose
and need. The purpose and need statement explains why the action is needed, describes the action’s
intended purpose, and serves as the basis for developing the range of alternatives to be considered in
the NEPA analysis.?! The purpose of this rulemaking is to continue to promote EPCA’s goals of energy
independence and security, as well as to improve environmental outcomes and national security, by
continuing to implement an HD Fuel Efficiency Improvement Program that is “designed to achieve the
maximum feasible improvement.”?

Congress specified that as part of the HD Fuel Efficiency Improvement Program, NHTSA must adopt and
implement appropriate test methods, measurement metrics, fuel economy standards,? and compliance
and enforcement protocols. These required aspects of the program must be appropriate, cost effective,
and technologically feasible for HD vehicles. As stated previously, Congress also directed that the
standards adopted under the program must provide no fewer than 4 model years of regulatory lead
time and 3 model years of regulatory stability. In developing Phase 2, NHTSA has continued to consider
these EISA requirements as well as relevant environmental and safety considerations.

1549 U.S.C. § 32902(k)(2).
1642 U.S.C. §§ 4321-4347.
1742 U.S.C. § 4332.

18 NEPA is codified at 42 U.S.C. §§ 4321-4347. CEQ NEPA implementing regulations are codified at 40 CFR Parts
1500-1508, and NHTSA’s NEPA implementing regulations are codified at 49 CFR Part 520.

19 See Notice of Proposed Rulemaking (NPRM) for Greenhouse Gas Emissions and Fuel Efficiency Standards for
Medium- and Heavy-Duty Engines and Vehicles — Phase 2, 80 FR 40138 (July 13, 2015) (hereinafter “Phase 2
NPRM”).

20 NHTSA posted both the Phase 2 NPRM and the Draft EIS on its fuel economy website (www.nhtsa.gov/fuel-
economy).

2140 CFR § 1502.13.
2249 U.S.C. § 32902(K)(2).

2 See Phase 1 Final Rule, supra note 12, at 57115.
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Chapter 1 Purpose and Need for the Action

The 2014 White House report on improving HD vehicle fuel efficiency (White House 2014a) explained
that although the standards established under the Phase 1 HD National Program have locked in long-
lasting gains in fuel efficiency, HD vehicle fuel consumption is still projected to grow as more trucks are
driven more miles. For this reason, the White House report explained that new standards extending
beyond Phase 1 are needed to further improve energy security, save money for consumers and
businesses, reduce harmful air pollution, and lower costs for transporting goods. President Obama’s
May 29, 2014, All-of-the-Above Energy Strategy similarly stated that the development of Phase 2 HD fuel
efficiency standards “will lead to large savings in fuel, lower CO; [carbon dioxide] emissions, and health
benefits from reduced particulate matter and ozone” (White House 2014b). To develop standards that
provide long-term certainty and promote innovation, the White House directed NHTSA and EPA to work
closely with both large and small stakeholders to explore further opportunities for fuel consumption and
emissions reductions beyond MY 2018.%* The president also directed NHTSA and EPA to consult with
the California Air Resources Board (CARB) to ensure that the next phase of standards allows
manufacturers to continue to build a single national fleet.?> Additionally, the report directed NHTSA and
EPA to consider the following advanced technologies, some of which may not currently be in
production:

e Engine and powertrain efficiency improvements
e Aerodynamics

e Weight reduction

e |mproved tire rolling resistance

e Hybridization

e Automatic engine shutdown

e Accessory improvements (e.g., water pumps, fans, auxiliary power units, air conditioning)

The Final Action and alternatives analyzed in this EIS have been developed to reflect the purpose and
need specified by EPCA, EISA, the Phase 1 HD National Program, and the president’s directive to develop
and issue these standards (White House 2014a).

1.3 National Environmental Policy Act and Joint Rulemaking
Process

Together with the Draft EIS, NHTSA and EPA issued proposed rules to establish Phase 2 fuel efficiency
and GHG emissions standards for HD vehicles.?® NHTSA is issuing this Final EIS concurrently with the
Final Rule (Record of Decision), pursuant to 49 U.S.C. 304a (Pub. L. No. 114-94, 129 Stat. 1312, Section
1311(a)) and U.S. Department of Transportation Final Guidance on MAP-21 Section 1319 Accelerated
Decisionmaking in Environmental Reviews.?” The Final Rule addresses the urgent and closely
intertwined challenges of energy independence and security and climate change by continuing strong
and coordinated federal fuel efficiency and GHG emissions standards for HD vehicles through the HD

2 |d. at 8.
% [d.

26 The agencies’ notices of proposed rulemaking were published in a single Federal Register notice as a
coordinated, joint proposal. See Phase 2 NPRM, supra note 19.

27 The Department’s guidance is posted online at http://www.dot.gov/sites/dot.gov/files/docs/MAP-
21 1319 Final_Guidance.pdf.
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Chapter 1 Purpose and Need for the Action

National Program. The rule achieves substantial reductions in fuel consumption and GHG emissions
from the HD vehicle sector. The rule builds on the first phase of the HD National Program, established
by a joint rule issued by NHTSA and EPA in September 2011, in which NHTSA set fuel efficiency
standards and EPA set GHG emissions standards for MY 2014-2018 and beyond HD vehicles (Phase 1 HD
National Program).?® The Phase 2 HD National Program has the potential to deliver additional
environmental and energy benefits, cost savings, and administrative efficiencies nationwide using a
coordinated approach.

1.3.1 Building Blocks of the National Program

The HD National Program is both needed and possible because there is a direct relationship between
improving fuel efficiency and reducing CO; tailpipe emissions. The amount of CO, emissions is
essentially constant per gallon combusted of a given type of fuel. The more fuel efficient a vehicle, the
less fuel it burns performing a given amount of work across a given distance. The less fuel it burns, the
less CO; it emits in performing that work across that distance. While there are emissions control
technologies that reduce the pollutants (e.g., carbon monoxide) produced by imperfect combustion of
fuel by capturing or destroying them, there is currently no such technology for CO,. Emissions control
technologies for CO,, therefore, depend on reducing the quantity of fuel consumed. As a result, the
same technologies address the twin problems of reducing fuel consumption and reducing CO, emissions.

1.3.1.1 DOT's HD Vehicle Fuel Efficiency Improvement Program

With the passage of EISA in December 2007, Congress provided a framework for developing the first fuel
efficiency regulations for HD vehicles. In September 2011, NHTSA issued a rule establishing the Phase 1
fuel efficiency standards for HD vehicles in accordance with the EISA mandate to establish an HD “fuel
efficiency improvement program designed to achieve the maximum feasible improvement.”?* In

Phase 1, NHTSA set mandatory standards for HD vehicles beginning in MY 2016 and voluntary
compliance standards for MY 2014-2015 HD vehicles. NHTSA set fuel efficiency standards for the
following three categories of commercial medium- and heavy-duty on-highway vehicles and work trucks
(and the engines that power them) based on the relative degree of homogeneity among trucks within
each category: HD pickups and vans, vocational vehicles, and combination tractors. These vehicle
categories are described in greater detail in the discussion of the Final Action in Section 1.3.2. Phase 2
builds off of Phase 1, establishing mandatory fuel efficiency standards for HD vehicles for MYs 2018 and
beyond. Section 1.3.2 discusses the Phase 2 Final Rule, including differences between Phase 1 and
Phase 2. For example, while Phase 1 deferred action on setting standards for commercial trailers,*°
Phase 2 regulates such trailers.

1.3.1.2 EPA’s Greenhouse Gas Standards for HD Vehicles

Since the 1980s, EPA has acted several times to address tailpipe emissions of criteria pollutants and air
toxics from HD vehicles under its Clean Air Act (CAA) authority. Prior to the HD National Program
established in September 2011, these programs have primarily addressed emissions of ozone precursors
(hydrocarbons and nitrogen oxides [NO,] and particulate matter [PM]). Under Phase 1, EPA issued GHG
emissions standards for the same three classes of commercial medium- and heavy-duty on-highway

28 See Phase 1 Final Rule, supra note 12.
2949 U.S.C. § 32902(k)(2); Phase 1 Final Rule, supra note 12.

30 See Phase 1 Final Rule, supra note 12, at 57111 (“While we are deferring action today on setting trailer
standards, the agencies are committed to moving forward to create a regulatory program for trailers that would
complement the current vehicle program.”).
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vehicles and work trucks (HD pickups and vans, vocational vehicles, and combination tractors) and
engines.

One difference between the EPA GHG standards and NHTSA fuel efficiency standards under the HD
National Program relates to when the standards apply. As required by the CAA, EPA mobile source
emissions standards apply at the time the vehicle or engine is sold, as well as when the vehicle is in
actual use. This is in contrast to the NHTSA fuel consumption standards under EISA, which apply only at
the time the vehicle or engine is sold.

A second difference between the EPA GHG emissions standards and the NHTSA fuel efficiency standards
is that the EPA standards regulate hydrofluorocarbons (HFCs), which is a GHG of concern that could leak
from vehicle air conditioning systems, but is not related to fuel efficiency. Specifically, in Phase 1, EPA
established separate air conditioning refrigerant leakage standards for combination tractors and for HD
pickups and vans. EPA did not adopt air conditioning refrigerant leakage standards for vocational
vehicles.?! However, for Phase 2, EPA is adopting similar standards for vocational vehicles, beginning in
MY 2021.3% The process for certifying that low leakage components are used would follow the system
currently in place for comparable systems in tractors.3

1.3.1.3 California Air Resources Board (CARB) Greenhouse Gas Program

CARB sets motor vehicle emissions standards for the State of California. In Phase 1, NHTSA and EPA
worked with a diverse group of stakeholders, including the State of California. As explained in the
Phase 1 Final Rule, based on the agencies’ ongoing consultation with CARB, NHTSA and EPA expected
that CARB would be able to adopt regulations equivalent in practice to those of the HD National
Program, just as it had done for past EPA regulation of HD trucks and engines. On December 5, 2014,
California approved CARB’s Phase 1 GHG regulations, which aligned California’s GHG emissions
standards and test procedures with the Phase 1 HD National Program.3* President Obama directed
NHTSA and EPA to continue to consult with CARB to ensure that the next phase of standards allows
manufacturers to continue to build a single national fleet (White House 2014a).

1.3.1.4 Light-Duty National Program

In 2010, NHTSA and EPA set fuel economy and GHG emissions standards for MY 2012—2016 passenger
cars and light trucks (collectively, “light-duty vehicles”).3> In 2012, the agencies established the fuel
economy and GHG emissions standards for light-duty vehicles for MYs 2017 and beyond.® In certain
respects, the agencies used the Light-Duty National Program as a model for the HD National Program,
including NHTSA’s Phase 2 HD fuel efficiency standards. This is most apparent in the case of medium-
duty pickups and vans, which are very similar to the light-duty trucks addressed in the Light-Duty
National Program both technologically and in terms of how they are manufactured (i.e., the same

31 See Section II.E.5 of the Phase 1 Final Rule, supra note 12.
32 See Section V of the Phase 2 Final Rule.
33 See Section V of the Phase 2 Final Rule.

34 CARB. 2013. Heavy-Duty GHG Phase 1: Final Approval of Notice. Available at:
http://www.arb.ca.gov/regact/2013/hdghg2013/hdghg2013.htm.

35 Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards; Final
Rule, 75 FR 25324 (May 7, 2010).

36 2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel Economy
Standards; Final Rule, 77 FR 62624 (Oct. 15, 2012).
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company often makes both the vehicle and the engine). For these vehicles, there are close parallels to
the Light-Duty National Program in how the agencies have developed standards and compliance
structures, although for this current rule, each agency is finalizing standards based on attributes other
than vehicle footprint, as discussed in Section 1.3.2.

Due to the diversity of the remaining HD vehicles, there are fewer parallels with the structure of the
Light-Duty National Program. The agencies, however, have maintained the same collaboration and
coordination that characterized the development of the Light-Duty National Program. Most notably,
manufacturers will be able to design and build to meet the requirements of a closely coordinated
federal program and avoid unnecessarily duplicative testing and compliance burdens.

1.3.2 Final Action

NHTSA’s Final Action is to set HD vehicle fuel efficiency standards, in accordance with the EISA mandate
to “implement a commercial medium- and heavy-duty on-highway vehicle and work truck fuel efficiency
improvement program.”3” As part of a joint rulemaking effort, NHTSA and EPA are finalizing coordinated
fuel consumption3® and GHG emissions standards for HD vehicles to be built in MYs 2018 and beyond.
Reducing HD vehicle fuel consumption and GHG emissions requires increasing the inherent efficiency of
the engine and reducing the work that needs to be done per mile traveled. This objective requires a
focus on the entire vehicle. For example, in addition to the basic emissions and fuel consumption levels
of the engine, the aerodynamics of the vehicle can have a major impact on the amount of work that
must be performed to transport freight. The National Academy of Sciences (NAS) recommended this
focus on both the engine and the rest of the vehicle in its reports, Technologies and Approaches to
Reducing the Fuel Consumption of Medium- and Heavy-Duty Vehicles (NAS 2010) and Reducing the Fuel
Consumption and Greenhouse Gas Emissions of Medium- and Heavy-Duty Vehicle, Phase Two (NAS
2014). The Phase 2 HD vehicle fuel efficiency standards that make up the HD National Program aim to
address the complete vehicle, to the extent practicable and appropriate under the agencies’ respective
statutory authorities, through complementary engine and vehicle standards.

1.3.2.1 HD Vehicle Categories Covered by the Phase 2 Standards

NHTSA’s HD vehicle fuel efficiency standards (including both the Phase 1 standards and the final Phase 2
standards as described in this EIS) apply to nearly all*®* commercial highway engines and vehicles that are
not regulated by the light-duty passenger car, light-duty truck, and medium-duty passenger vehicle
(MDPV) CAFE and GHG standards issued for MY 2017 and beyond. Thus, the HD Fuel Efficiency
Improvement Program, unless otherwise specified, covers all vehicles rated at a GVWR greater than
8,500 pounds (except for MDPVs) and the engines that power these vehicles. EISA Section 103(a)(3)

3749 U.S.C. § 32902(K)(2).

38 NHTSA’s action is to set fuel consumption standards, as opposed to the fuel economy standards that the agency
sets under the CAFE program for light-duty vehicles. Whereas fuel economy measures the distance a vehicle can
travel with a gallon of fuel, and is expressed in miles per gallon, fuel consumption is the inverse metric—the
amount of fuel consumed in driving a given distance (NAS 2010). Fuel consumption is a useful measurement
because it is directly related to the goal of decreasing the amount of fuel necessary for an HD vehicle to travel a
given distance. Fuel consumption standards satisfy EISA’s directive that NHTSA implement a fuel efficiency
improvement program because the more efficient an HD vehicle is in completing its work, the less fuel it will
consume to move cargo a given distance.

39 The agencies exclude a small number of vehicles that would otherwise meet the definition of a commercial
medium- and heavy-duty on-highway vehicle.
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defines a “commercial medium- and heavy-duty on-highway vehicle” as an on-highway vehicle with a
GVWR of 10,000 pounds or more.*® EISA Section 103(a)(6) defines a “work truck” as a vehicle that is
rated at between 8,500 and 10,000 pounds gross vehicle weight and is not an MDPV.*! Therefore, in
NHTSA’s HD Fuel Efficiency Improvement Program and in this EIS, the term HD vehicles refers to both
work trucks and commercial medium- and heavy-duty on-highway vehicles, as defined by EISA. In
addition, for the purpose of this EIS, this term includes recreational vehicles, which is in contrast to how
this term was used in the Phase 1 EIS.*

NHTSA’s HD Fuel Efficiency Improvement Program (including the final Phase 2 standards) applies to HD
engines, which are generally those installed in commercial medium- and heavy-duty trucks. This term
excludes engines installed in vehicles certified to a complete vehicle emissions standard based on a
chassis test, because these are addressed as a part of those complete vehicles. It also excludes engines
used exclusively for stationary power when the vehicle is parked. In addition to regulating HD engines,
in the Phase 1 Final Rule, NHTSA and EPA established standards for each of three different categories of
HD vehicles, which together comprise the range of HD vehicles available.

The Phase 2 HD Fuel Efficiency Improvement Program described in this EIS follows the same general
categories with a few exceptions.

e Combination tractors (Classes 7—-8): Heavy-duty combination trucks are built to move freight. The
ability of a truck to meet a customer’s freight transportation requirements depends on three major
characteristics of the tractor: the GVWR (which along with gross combined weight rating [GCWR]
establishes the maximum carrying capacity of the tractor and trailer), cab type (sleeper cabs provide
overnight accommodations for drivers), and the tractor roof height (to mate tractors to trailers for
the most fuel-efficient configuration). Each of these attributes affects the baseline fuel
consumption and GHG emissions, as well as the effectiveness of possible technologies like
aerodynamics, and is discussed in Section lll.A of the Phase 1 Final Rule. Class 7 trucks, which have a
GVWR of 26,001 to 33,000 pounds and a typical GCWR of 65,000 pounds, have a lesser payload
capacity®® than Class 8 trucks. Class 8 trucks have a GVWR of greater than 33,000 pounds and a
typical GCWR of 80,000 pounds. The Phase 2 standards for heavy-haul tractors apply to tractors
with a GCWR over 120,000 pounds. As discussed in Section IX of the Phase 1 Final Rule, the finalized
fuel consumption and GHG emissions standards did not regulate trailers. However, as discussed in
Section 1.3.2.2, below, NHTSA and EPA will regulate certain trailers used in combination with HD
tractors as a part of the Phase 2 HD National Program.

40 Codified at 49 U.S.C. § 32901(a)(7).

41 Codified at 49 U.S.C. § 32901(a)(19). EPA defines medium-duty passenger vehicles as any complete vehicle
between 8,500 and 10,000 pounds GVWR designed primarily for the transportation of persons that meet the
criteria outlined in 40 CFR § 86.1803-01. The definition specifically excludes any vehicle that (1) has a capacity of
more than 12 persons total or (2) is designed to accommodate more than 9 persons in seating rearward of the
driver’s seat or (3) has a cargo box (e.g., pickup box or bed) of 6 feet or more in interior length. See Control of Air
Pollution From New Motor Vehicles: Tier 2 Motor Vehicle Emissions Standards and Gasoline Sulfur Control
Requirements; Final Rule, 65 FR 6698 (Feb. 10, 2000).

42 See Section | of the Final Rule for a discussion of why NHTSA is including recreational vehicles within the scope of
the Phase 2 Fuel Efficiency Improvement Program.

43 Payload is determined by a tractor’s GVWR and GCWR relative to the weight of the tractor, trailer, fuel, driver,
and equipment.
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e HD pickups and vans (Classes 2b—3): HD vehicles with a GVWR of 8,501 to 10,000 pounds are
classified in the industry as Class 2b motor vehicles. As discussed above, Class 2b includes MDPVs
that the agencies regulate under the light-duty vehicle program, and the HD National Program
established in the Phase 1 Final Rule did not include additional requirements for MDPVs. HD
vehicles with GVWR of 10,001 to 14,000 pounds are classified as Class 3 motor vehicles. The HD
National Program regulates Classes 2b—3 HD vehicles (referred to in the EIS as HD pickups and vans)
together using an approach similar to that used in the current CAFE program and the EPA GHG
emissions standards for light-duty vehicles.

e Vocational Vehicles (Classes 2b—8): Classes 2b—8 vocational vehicles consist of a very wide variety
of configurations including delivery, refuse, utility, dump, tow, and cement trucks; transit, shuttle,
and school buses; emergency vehicles; and motor homes, among others. The HD National Program
defines Classes 2b—8 vocational vehicles as all HD vehicles not included in HD pickups and vans or
Classes 7—8 tractor segments.

Table 1.3.2-1 outlines how GVWR classes correspond to the HD vehicle categories of pickups and vans,
vocational vehicles, and tractors. For Phase 2, the agencies are also setting standards for an additional
subcategory for “heavy-haul” tractors designed to haul much heavier loads than conventional tractors.
The typical tractor in the United States has a GCWR of up to 80,000 pounds due to the effective weight
limit on the federal highway system, except in states with preexisting higher weight limits. Phase 2
standards for heavy-haul tractors apply to tractors with a GCWR over 120,000 pounds, which are not
typically used in the same manner as long-haul tractors with extended highway driving.

Table 1.3.2-1. HD Vehicle Segments by Gross Vehicle Weight Rating (pounds)

Class 2b Class 3 Class 4 Class 5 Class 6 Class 7 Class 8
8,501— 10,001-14,000 |14,001-16,000 |16,001-19,500 |19,501-26,000 |26,001-33,000 | >33,000
10,000

HD pickups and vans (incl.
work trucks)

Vocational vehicles (e.g., van trucks, utility “bucket” trucks, tank trucks, refuse trucks, buses, fire trucks, flat-bed
trucks, and dump trucks)

Tractors (for combination
tractor-trailers)

1.3.2.2 Differences between Phase 1 of the HD Fuel Efficiency Improvement Program
(MYs 2014-2018) and Phase 2 (MYs 2018 and Beyond)

NHTSA is issuing new fuel efficiency standards for HD vehicles that build on and enhance existing Phase
1 standards, and is introducing the first-ever standards for certain trailers used in combination with HD
tractors. Classes 7-8 tractors and their trailers account for approximately two-thirds of the HD vehicle
sector’s total CO; emissions and fuel consumption. Although trailers do not directly generate exhaust
emissions or consume fuels (except for the refrigeration units on refrigerated trailers), their designs and
operation nevertheless contribute substantially to the CO, emissions and diesel fuel consumption of the
tractors pulling them. The final Phase 2 trailer standards are expressed as CO; and fuel consumption
standards, and apply to each trailer regarding the emissions and fuel consumption that would be
expected for a specific standard type of tractor pulling such a trailer. NHTSA and EPA believe it is
appropriate to establish standards for trailers separately from tractors because they are separately
manufactured by distinct companies. The agencies did not propose standards for CO, emissions and
fuel consumption from the transport refrigeration units (TRUs) used on refrigerated box trailers.
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Additionally, EPA did not propose standards for hydrofluorocarbon (HFC) emissions from TRUs. Section
IV of the Final Rule provides additional background and detail on trailer considerations and the trailer
standards.

Taken together, the Phase 2 program comprises a set of technology-advancing® standards that should
achieve greater GHG and fuel consumption savings than the Phase 1 program, predicated on use of both
off-the-shelf technologies and emerging technologies that are not yet in widespread use. The agencies
are issuing standards for MY 2027 that will likely require manufacturers to make extensive use of these
technologies. Phase 2 will carry over many of the compliance approaches developed for Phase 1, with
certain changes as described in Section I.C of the Final Rule.

Table 1.3.2-2 summarizes the difference between the Phase 1 and final Phase 2 fuel efficiency standards
for HD vehicles across categories. Following Table 1.3.2-2 is a narrative summary of Phase 2 that points

readers to sections of the Final Rule that contain additional detail regarding the Final Action for specific

regulated categories of HD vehicles.

Table 1.3.2-2. Summary of Phase 1 and Phase 2 HD Vehicle Programs

Phase 1 Program Phase 2 Program

Engines installed in tractors and vocational chassis

Combination tractors and vocational vehicles account for approximately 85%
of fuel use and GHG emissions in the medium and heavy duty truck sector.

Share of HD vehicle fuel
consumption and GHG
emissions

Form of the standard Gallons of fuel/brake horsepower-hour (gal/100 bhp-hr).

Example technology options
available to help
manufacturers meet
standards

Combustion, air handling, friction, and
emissions after-treatment technology
improvements.

Increased use of Phase 1
technologies, plus waste heat
recovery systems for tractor
engines.

Flexibilities

ABT program that allows emissions and

Same as Phase 1, except no

fuel consumption credits to be averaged, | advanced technology incentives.
banked, or traded (5-year credit

life). Manufacturers allowed to carry
forward credit deficits for up to 3 model
years. Interim incentives for advanced
technologies, recognition of innovative
(off-cycle) technologies not accounted
for by the Phase 1 test procedures, and

credits for certifying early.

Tractors designed to pull trailers and move freight

Combination tractors and their engines account for approximately two-thirds
of fuel use and GHG emissions in the medium and heavy duty truck sector.

Share of HD vehicle fuel
consumption and GHG
emissions

Form of the standard Gallons of fuel/1,000 ton payload mile (gal/1,000 ton-miles).

44 In this context, the term “technology-advancing” means standards that will effectively require manufacturers to
develop new technologies (or to significantly improve technologies), as distinguished from standards that can be
met using off-the-shelf technology alone. The standards do not require manufacturers to use any specific
technologies.
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Phase 1 Program

Phase 2 Program

Example technology options
available to help
manufacturers meet

Aerodynamic drag improvements, low-
rolling resistance tires, engine efficiency
improvements, high strength steel and

Increased use of Phase 1
technologies, plus additional
engine improvements, improved

standards aluminum weight reduction, extended and automated transmissions,
idle reduction, and speed limiters. powertrain optimization, tire
inflation and pressure monitoring
systems, and predictive cruise
control.
Flexibilities ABT program that allows emissions and Same as Phase 1, except no extra

fuel consumption credits to be averaged,
banked, or traded (5-year credit

life). Manufacturers allowed to carry
forward credit deficits for up to 3 model
years. Interim incentives for advanced
technologies, recognition of innovative
(off-cycle) technologies not accounted
for by the Phase 1 test procedures, and
credits for certifying early.

credits for advanced technologies
or early certification.

Trailers hauled by tractors, except those qualified as logging, mining, stationary or heavy-haul

Share of HD vehicle fuel
consumption and GHG
emissions

Trailers are modeled with combination tractors and their engines. Together,
they account for approximately two-thirds of fuel use and GHG emissions in

the medium and heavy duty truck sector.

Form of the standard

Example technology options
available to help
manufacturers meet
standards

Flexibilities

Trailers were not regulated in Phase 1.

Gallons of fuel/1,000 ton payload
mile (gal/1,000 ton-miles).

Low-rolling resistance tires,
automatic tire inflation and
pressure monitoring systems,
trailer weight reduction,
aerodynamic improvements such
as side and rear fairings, gap
closing devices, and undercarriage
treatment.

One year delay in implementation
for small businesses, trailer
manufacturers may use pre-
approved devices to avoid testing,
averaging program for
manufacturers of dry and
refrigerated box trailers beginning
in 2027.

Classes 2b-8 chassis that are intended for vocational services?

Share of HD vehicle fuel
consumption and GHG
emissions

Vocational vehicles account for approximately 20% of fuel use and GHG
emissions in the medium and heavy duty truck sector categories.

Form of the standard

Gallons of fuel/1,000 ton payload mile (gal/1,000 ton-miles).
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Phase 1 Program

Phase 2 Program

Example technology options
available to help
manufacturers meet

Low-rolling resistance tires and engine
improvements.

Further technology improvements
and increased use of Phase 1
technologies, plus improved

standards engines, transmissions and axles,
powertrain optimization, weight
reduction, hybrids, and workday
idle reduction systems.

Flexibilities ABT program that allows emissions and Same as Phase 1, except no

fuel consumption credits to be averaged,
banked, or traded (5 year credit

life). Manufacturers allowed to carry-
forward credit deficits for up to 3 model
years. Interim incentives for advanced
technologies, recognition of innovative
(off-cycle) technologies not accounted
for by the Phase 1 test procedures, and
credits for certifying early.

advanced technology incentives.
Chassis intended for emergency
vehicles have Phase 2 standards
based only on Phase 1
technologies, and may continue to
certify using a simplified Phase 1-
style GEM tool.

Classes 2b—3 complete pickup trucks and vans®

Share of HD vehicle fuel
consumption and GHG
emissions

HD pickups and vans account for approximately 15% of fuel use and GHG
emissions in the medium and heavy duty truck sector.

Form of the standard

Target curves based on a “work factor” attribute that combines truck payload
and towing capabilities, with an added adjustment for four-wheel drive
vehicles. There are separate target curves for diesel-powered and gasoline-

powered vehicles.

Example technology options
available to help
manufacturers meet
standards

Engine improvements, transmission
improvements, aerodynamic drag
improvements, low-rolling resistance
tires, weight reduction, and improved
accessories.

Further technology improvements
and increased use of all Phase 1
technologies, plus engine stop-
start, and powertrain hybridization
(mild and strong).

Flexibilities

Two optional phase-in schedules; ABT
program, which allows emissions and
fuel consumption credits to be averaged,
banked, or traded (5-year credit

life). Manufacturers allowed to carry
forward credit deficits for up to 3 model
years. Interim incentives for advanced
technologies, recognition of innovative
(off-cycle) technologies not accounted
for by the Phase 1 test procedures, and
credits for certifying early.

ABT program the same as Phase 1.
Adjustment factor of 1.25 for
credits carried forward from Phase
1 to Phase 2 due to change in
useful life. Cessation of advanced
technology incentives in 2021 and
continuation of off-cycle credits.

Notes:

a Vocational services include delivery vehicles, emergency vehicles, dump truck, tow trucks, cement mixer, refuse trucks,
etc., except those qualified as off-highway vehicles. Because of sector diversity, vocational vehicle chassis are segmented
into Light, Medium and Heavy Duty vehicle categories and for Phase 2 each of these segments are further subdivided
using three duty cycles: regional, multi-purpose, and urban.

b Including all work vans and 15-passenger vans but excluding 12-passenger vans, which are subject to light-duty standards

GHG = greenhouse gas; ABT = averaging, banking, and trading; gal/100 bhp-hr = gallons per 100 brake horsepower-hour;

gal/1,000 ton-miles = gallons of fuel/1,000 ton payload mile; GEM = Greenhouse Gas Emission Model.
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1.3.2.2.1 HD Vehicle Engines

NHTSA and EPA are continuing the basic Phase 1 structure for the Phase 2 engine standards. There are
separate standards and test cycles for tractor engines, vocational diesel engines, and vocational gasoline
engines. However, Phase 2 uses a revised test cycle for tractor engines to better reflect actual in-use
operation. For diesel engines, the agencies are increasing the stringency of engine standards. For
gasoline engines, however, the agencies are not adopting more stringent engine standards. A complete
discussion of the Final Action as it relates to HD vehicle engines is included in Section Il of the Final Rule.

1.3.2.2.2 Classes 7-8 Combination Tractors

As explained in Section Il of the Final Rule, NHTSA and EPA will largely continue the Phase 1 tractor
program but are adding new, more stringent standards. The agencies project that the final Phase 2
tractor standards can be met through improvements in various tractor engine and vehicle technologies.
The agencies enhanced the Greenhouse Gas Emission Model (GEM) vehicle simulation tool to recognize
these technologies, as described in Section II.C of the Final Rule.

1.3.2.2.3 Classes 7-8 Trailers

Phase 2 includes fuel consumption and GHG emissions standards for manufacturers of new trailers that
are used in combination with tractors. Trailers that are qualified as logging, mining, stationary, or
heavy-haul are excluded. As described in Section IV of the Final Rule, there are aerodynamic and tire
technologies available to manufacturers to accomplish these standards. For the most part, these
technologies have already been introduced into the market to some extent through EPA’s voluntary
SmartWay program. However, adoption is still somewhat limited.

NHTSA’s fuel consumption standards are voluntary beginning in MY 2018 and mandatory beginning in
MY 2021, while EPA’s GHG emissions standards are mandatory beginning in MY 2018. As described in
Section XIV.D of the Final Rule and Chapter 12 of the Final Regulatory Impact Analysis (RIA), Phase 2
includes special provisions to minimize the impacts on small trailer manufacturers.

1.3.2.2.4 Classes 2b—8 Vocational Vehicles

Phase 2 revises the Phase 1 vocational vehicle program and imposes new standards. These standards
also reflect further sub-categorization from Phase 1, with separate standards based on mode of
operation: urban, regional, and multi-purpose. NHTSA and EPA are issuing alternative standards for
emergency vehicles. Phase 2 also includes revisions to the compliance regime for vocational vehicles.
These include the addition of an idle cycle that would be weighted along with the other drive cycles and
revisions to the vehicle simulation tool to reflect specific improvements to the engine, transmission, and
driveline. Section V of the Final Rule contains a complete discussion of the Final Action as it relates to
Classes 2b—8 vocational vehicles.

1.3.2.2.5 HD Pickups and Vans (Classes 2b-3)

The agencies are issuing new Phase 2 fuel consumption and GHG emissions standards for HD pickups
and vans that will be applied in largely the same manner as the Phase 1 standards. These standards are
based on the extensive use of most known and proven technologies. These standards will commence in
MY 2021. Section VI of the Final Rule contains a complete discussion of the Final Action as it relates to
HD pickups and vans.
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1.4 Cooperating Agencies

Under 40 Code of Federal Regulations (CFR) § 1501.6, a federal agency that has special expertise with
respect to any environmental issue that should be addressed in the EIS may be a cooperating agency
upon request of the lead agency. On May 12, 2014, NHTSA invited EPA, DOE, and the DOT’s Federal
Motor Carrier Safety Administration (FMCSA) to become cooperating agencies with NHTSA in the
development of this EIS for the Phase 2 HD National Program. EPA has special expertise in the areas of
climate change and air quality, DOE has special expertise in vehicle technologies that improve fuel
efficiency, and FMCSA has special expertise in HD vehicles.*

In its invitation letters, NHTSA suggested that EPA, DOE, and FMCSA roles in the development of the EIS
could include the following, as they relate to the agencies’ areas of special expertise:

e Identifying the significant issues to be analyzed in the EIS from a fuel use, climate change, and air
quality perspective for heavy-duty vehicles.

e Participating in the scoping process as appropriate and, in particular, assisting NHTSA to “identify
and eliminate from detailed study the issues which are not significant or which have been covered
by prior environmental review (§ 1506.3), narrowing the discussion of these issues in the statement
to a brief presentation of why they will not have a significant effect on the human environment or
providing a reference to their coverage elsewhere.”*

e Providing information and expertise on manufacture, sale, operation, and maintenance, of heavy-
duty vehicles.

e Providing information and expertise related to technologies for improving the fuel efficiency of
heavy-duty vehicles.

e Providing technical assistance, information, and expertise for modeling environmental impacts
related to manufacture and use of heavy-duty vehicles.

e Participating in coordination meetings, as appropriate.

e Reviewing and commenting on the Draft EIS and Final EIS prior to publication.

EPA and DOE accepted NHTSA's invitation and agreed to become cooperating agencies. Staff members
from each of these agencies participated in technical discussions, provided technical assistance, and/or
reviewed and commented on the Draft and Final EISs prior to publication

1.5 Public Review and Comment

NHTSA submitted to EPA a Draft EIS to disclose and analyze the potential environmental impacts of the
agency’s Proposed Action and reasonable alternative standards pursuant to CEQ NEPA implementing
regulations, DOT Order 5610.1C, and NHTSA regulations. The Draft EIS was posted to the NHTSA EIS
docket (Docket No. NHTSA-2014-0074) on June 19, 2015, and EPA published a Notice of Availability in
the Federal Register on June 26, 2015.%’ The Draft EIS requested public input on the agency’s
environmental analysis by August 31, 2015; publication of the Notice of Availability in the Federal
Register triggered the Draft EIS public comment period. On July 13, 2015, NHTSA and EPA published the

45 See Section 1.5 of the Medium- and Heavy-Duty Fuel Efficiency Improvement Program Final Environmental
Impact Statement (NHTSA 2011) for additional discussion of EPA’s and FMCSA’s expertise.

46 40 CFR § 1501.7(a)(3).
4780 FR 36803 (June 26, 2015).
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Phase 2 NPRM,*® and opened a 60-day comment period. The agencies invited the public to submit
comments on the NPRM on or before September 11, 2015, by posting to either the NHTSA or EPA
docket (NHTSA-2014-0132 or EPA-HQ-OAR-2014-0827). The comment periods for the NPRM and the
Draft EIS were subsequently extended to October 1, 2015.%°

Consistent with NEPA and its implementing regulations, NHTSA mailed a copy of the Draft EIS to:

e Contacts at federal agencies with jurisdiction by law or special expertise regarding the
environmental impacts involved, or authorized to develop and enforce environmental standards,
including other agencies within DOT.

e The Governors of every state and U.S. territory.
e Organizations representing state and local governments.
e Native American tribes and tribal organizations.

e Individuals and contacts at other stakeholder organizations that NHTSA reasonably expected to be
interested in the NEPA analysis for the new Phase 2 HD vehicle fuel efficiency standards, including
advocacy, industry, and other organizations.

NHTSA and EPA held joint public hearings on the Draft EIS and NPRM on August 6, 2015 in Chicago,
Illinois, and on August 18, 2015 in Long Beach, California. NHTSA received 66 oral comments during the
public hearing in Long Beach, California and 50 oral comments during the public hearing in Chicago,
Illinois. The agency also received several hundred comments in the dockets for the Draft EIS and the
NPRM. NHTSA reviewed the oral and written submissions for comments relevant to the EIS. Several
commenters referenced or submitted studies, research, and other information supporting or in addition
to their comments. NHTSA carefully reviewed these submissions to determine if they were appropriate
for inclusion in this EIS.

As described in Chapter 9 of this EIS, comments that raised issues central to the rule or the rulemaking
process will be addressed in the preamble to the Final Rule, the RIA, or associated documents in the
public docket.

1.6 Next Steps in the National Environmental Policy Act and Joint
Rulemaking Process

NHTSA is issuing this Final EIS concurrently with the Final Rule (Record of Decision), which states and
explains NHTSA’s decision and describes NHTSA’s consideration of applicable environmental laws and
policies.®® NHTSA has determined that concurrent issuance of the Final EIS and Record of Decision is not
precluded by statutory criteria®! or practicability considerations. EPA will announce the availability of
this Final EIS in the Federal Register.

48 See Phase 2 NPRM, supra note 19.

49 see Extension of Comment Period for Greenhouse Gas Emissions and Fuel Efficiency Standards for Medium- and
Heavy-Duty Engines and Vehicles — Phase 2, 80 FR 53756 (Sept. 8, 2015).

5049 U.S.C. 304a (Pub. L. No. 114-94, 129 Stat. 1312, Section 1311(a)) and U.S. Department of Transportation Final
Guidance on MAP-21 Section 1319 Accelerated Decisionmaking in Environmental Reviews
(http://www.dot.gov/sites/dot.gov/files/docs/MAP-21_1319_Final_Guidance.pdf).

51 49 U.S.C. 304a(b)(1)-(2).
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CHAPTER 2 FINAL ACTION AND ALTERNATIVES AND
ANALYSIS METHODOLOGIES

2.1 Introduction

NEPA requires that, in the case of a major federal action, an agency must evaluate the environmental
impacts of its proposed action and alternatives to that action.! An agency must rigorously explore and
objectively evaluate all reasonable alternatives, including the alternative of taking no action. For
alternatives an agency eliminates from detailed study, the agency must “briefly discuss the reasons for
their having been eliminated.”? The purpose of and need for the agency’s action provides the
foundation for determining the range of reasonable alternatives to be considered in its NEPA analysis.3

As explained in Chapter 1, NHTSA and EPA are issuing a second phase of standards to improve fuel
efficiency for medium- and heavy-duty (HD) vehicles and reduce greenhouse gas (GHG) emissions,
referred to as Phase 2 HD National Program standards. NHTSA’s Final Action establishes Phase 2 HD
standards that build on the Phase 1 fuel efficiency standards for HD engines and vehicles for model
years (MYs) 2014—-2018, in order to continue to increase HD fuel efficiency after 2018, in accordance
with the Energy Policy and Conservation Act (EPCA), as amended by the Energy and Independence
Security Act of 2007 (EISA). NHTSA developed the Final Action and alternatives in accordance with the
EISA requirements discussed in Chapter 1, as well as relevant environmental and safety considerations.
As with Phase 1, NHTSA’s Phase 2 HD Fuel Efficiency Improvement Program rulemaking has been
conducted in consultation with EPA and the U.S. Department of Energy (DOE).* Consistent with the
Council on Environmental Quality (CEQ) NEPA implementing regulations, this EIS compares the Action
and a reasonable range of alternatives to Alternative 1 (No Action Alternative), which assumes that
NHTSA and EPA would not issue a new rule regarding HD vehicle fuel efficiency and GHG emissions
standards.®> NEPA expressly requires agencies to consider a ‘““no action” alternative in their NEPA
analyses and to compare the effects of not taking action with the effects of action alternatives in order
to demonstrate the impacts of the action alternatives.®

Under the No Action Alternative, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel
efficiency or GHG emissions. Therefore, the fuel efficiency and GHG emissions standards for the final
year of regulation for each segment under the Phase 1 program are assumed to continue indefinitely,
and this serves as the basis for the No Action Alternative for the analysis of Phase 2 impacts. While the
same technology penetrations are generally assumed in the Phase 2 No Action Alternative as anticipated

142 U.S.C. § 4332(2)(C).
240 CFR §§ 1502.14(a), (d).

340 CFR § 1502.13. See Vermont Yankee Nuclear Power Corp. v. Natural Res. Def. Council, 435 U.S. 519, 551 (1978); City of
Alexandria v. Slater, 198 F.3d 862, 867-69 (D.C. Cir. 1999), cert. denied sub nom., 531 U.S. 820 (2000).

4 See 49 U.S.C. § 32902(k)(2).
540 CFR § 1502.14(d).

6 See 40 CFR §§ 1502.2(e), 1502.14(d). The Council on Environmental Quality (CEQ) has explained that “[T]he regulations
require the analysis of the no action alternative even if the agency is under a court order or legislative command to act. This
analysis provides a benchmark, enabling decision makers to compare the magnitude of environmental effects of the action
alternatives. [See 40 CFR 1502.14(c).] ...Inclusion of such an analysis in the EIS is necessary to inform Congress, the public, and
the President as intended by NEPA. [See 40 CFR 1500.1(a).]” Forty Most Asked Questions Concerning CEQ’s National
Environmental Policy Act Regulations, 46 FR 18026 (1981).
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under the Phase 1 fuel consumption and GHG standards, the values for No Action Alternative standards

reported in this EIS are not directly comparable to values for the standards reported in the Phase 1 Final

Rule and Final EIS because the agencies established several Phase 2 test-procedure and minor regulatory
changes that affect the way that standards are measured.

e First, compliance with overall HD vehicle standards is determined using the agencies’ Greenhouse
Gas Emissions Model (GEM) to simulate overall vehicle fuel efficiency given a set of vehicle
component inputs. However, the Phase 2 version of GEM will obtain higher (i.e., less favorable)
carbon dioxide (CO3) and fuel consumption values than the Phase 1 version of GEM because the
Phase 2 drive cycles include road grade, which exists in the real-world, requiring the engine to
operate at higher horsepower levels to maintain speed while climbing a hill.

e Second, to better reflect the aerodynamic performance of tractor-trailers, the agencies input the
wind averaged coefficient of drag into Phase 2 GEM instead of the no-wind (zero yaw) value used in
Phase 1.

e Third, the Phase 2 program includes a more realistic and improved simulation of the transmission in
GEM, which could increase CO; and fuel consumption relative to Phase 1.

e Fourth, the agencies recalculated APU deployment in tractors based on the current level of
automatic engine shutdown and idle reduction technologies used by tractor manufacturers to
comply with the 2014 model year fuel consumption and CO, standards.

e Finally, the Phase 2 No Action Alternative vocational vehicle standards also cannot be directly
compared to Phase 1 standards because the Phase 2 program establishes further segmentation of
vocational vehicle standards by fuel type and duty cycle.

For presentation in this chapter, NHTSA has recalculated the Phase 1 standards for the No Action
Alternative of each segment using the new test procedures and regulatory changes in order to allow the
reader to better understand the stringency levels of the action alternatives. The numbers are for
presentation purposes only and do not correspond to actual changes in the standards from Phase 1,
even if the No Action Alternative had been selected.

This chapter describes the action alternatives examined in this EIS, explains the methodologies and
assumptions applied in estimating environmental impacts, and summarizes environmental impacts
reported in subsequent EIS chapters. Readers may consult the Final Rule and Regulatory Impact Analysis
(RIA) documents for more detailed information on the individual alternatives, including the
methodology by which they were developed, projected technologies, adoption rates, costs, etc. The
remainder of this chapter is organized as follows:

e Section 2.2 describes the standards for HD engines, HD pickups and vans, vocational vehicles,
tractors, and trailers under the No Action Alternative (Alternative 1), the Preferred Alternative
(Alternative 3), and the other action alternatives (Alternatives 2, 4, and 5).

e Section 2.3 explains how direct and indirect impacts and cumulative impacts of each action
alternative are measured against a No Action Alternative (Alternative 1), which assumes that neither
NHTSA nor EPA would issue a rule regarding Phase 2 HD fuel consumption standards or GHG
emissions standards.

e Section 2.4 summarizes environmental impacts reported in subsequent EIS chapters.
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2.2 Phase 2 Standards and Alternatives

The HD vehicle sector is often subdivided by gross vehicle weight rating (GVWR), which is a measure of
the combined curb (empty) weight and cargo carrying capacity of the truck. Table 2.2-1 outlines the
GVWR classifications commonly used for a variety of purposes by businesses and federal agencies.

Table 2.2-1. HD Vehicle Weight Classification
Class 2b 3 4 5 6 7 8
Gross Vehicle 8,501— 10,001- 14,001 16,001- 19,501 26,001- > 33,000
Weight Rating 10,000 14,000 16,000 19,500 26,000 33,000
(GVWR) (pounds)

In the framework of these GVWR classifications, HD vehicles refer to Classes 2b—8 and the engines that
power those vehicles. HD vehicles often vary widely in configuration (i.e., are composed of different
vehicle parts combined in different ways). In setting Phase 1 HD vehicle standards, EPA and NHTSA
divided the industry into discrete categories—HD pickups and vans, vocational vehicles, and
combination tractors—based on the relative homogeneity among vehicles within each category. The
agencies established separate fuel consumption standards for each of these HD vehicle categories. The
agencies also decided that setting separate standards for the engines that power combination tractors
and vocational vehicles, as well as complete vehicle fuel efficiency standards for each category of HD
vehicles best met the purpose and need for that action. NHTSA believes that this same general
structure of setting engine standards for vocational vehicles and combination tractors; separate HD
vehicle fuel consumption standards for HD pickups and vans, vocational vehicles, and combination
tractors; and adding, for the first time, fuel consumption standards for certain trailers used in
combination with the Classes 7—8 tractors best meets the purpose and need for Phase 2 standards, and
allows for the achievement of “maximum feasible improvement” in HD vehicle fuel efficiency.

HD pickups and vans (Classes 2b—3) are used chiefly as work trucks and vans, shuttle vans, and personal
transportation vehicles. Other HD vehicles are used for carrying cargo and/or performing specialized
tasks. “Vocational” vehicles, which span Classes 2b—8, vary widely in size, including smaller and larger
van trucks, utility “bucket” trucks, tank trucks, refuse trucks, urban and over-the-road buses, fire trucks,
flat-bed trucks, and dump trucks, among others. Classes 7—-8 combination tractor-trailers (some
equipped with sleeper cabs and some not) are primarily used for freight transportation.

The variability of the HD vehicle fleet is reflected in different fuel consumption standards for HD engines
and different types of HD vehicles (specified as gallons of fuel per horsepower-hour [gal/100 bhp-hr] for
engines, gal/100 miles for HD pickups and vans, and gallons of fuel per 1,000 ton payload mile
[gal/1,000 ton-miles] for tractor-trailers and vocational vehicles). Fuel consumption standards, including
engine standards, are based on specific drive cycles chosen based on the typical expected use of each
vehicle. The drive cycle used in compliance testing has significant consequences for the technology that
will be employed to achieve a standard, as well as the ability of the technology to achieve real-world
reductions in fuel consumption. Therefore, compliance testing for fuel consumption standards varies to
reflect the anticipated drive cycles in different segments of the HD vehicle market.

The Final Rule specifies standards and compliance testing requirements for HD engines, HD pickups and
vans, vocational vehicles, tractors, and trailers. In this EIS, Alternative 3, the Preferred Alternative,
refers to the same standards and testing requirements specified as the final standards in the Final Rule.”

" The analysis in this EIS specifically corresponds to “Method A” results in the Phase 2 Final Rule.
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Alternative 2 is less stringent than the Preferred Alternative (i.e., would require less fuel efficiency
improvement than Alternative 3), and Alternative 5 is the most stringent action alternative examined in
this analysis. In the Proposed Rule and Draft EIS, Alternative 3 and Alternative 4 were designed to
achieve similar fuel efficiency and GHG emissions levels in the long term, but with Alternative 4 being
accelerated in its implementation timeline. In practice, this meant that Alternative 4 was more stringent
than Alternative 3 in the Draft EIS. In response to comments received on the Proposed Rule and Draft
EIS, the agencies revised Alternative 3 (the Preferred Alternative). As a result, the Final EIS standards for
the Preferred Alternative are more stringent overall than the Draft EIS proposed standards for the
Preferred Alternative. Standards for Alternative 4 in this Final EIS are the same as the Alternative 4
standards in the Draft EIS in order to provide a benchmark for comparison of the revised Preferred
Alternative. Now, the Preferred Alternative is more stringent than Alternative 4 in this Final EIS for
some vehicle categories. For a full discussion of the development of the final standards and alternatives,
as well as their assumptions and stringency levels, consult the Final Rule and RIA. Those discussions are
incorporated by reference herein.

The remainder of this section is organized into five subsections that describe the alternative standards
examined by NHTSA and EPA for different segments of the HD vehicle market: HD engines, Classes 7-8
tractors, trailers, Classes 2b—8 vocational vehicles, and Classes 2b—3 HD pickups and vans. These five
subsections detail the performance standards for different HD vehicle market segment under the No
Action Alternative and each of the action alternatives.

2.2.1 HD Engines for Vocational Vehicles and Tractors

The Phase 1 program set engine performance standards and specified engine test procedures for
Classes 2b—8 vocational vehicles and tractors (HD pickups and vans are regulated as complete vehicles in
Phase 1, as described in Section 2.2.5). HD engine manufacturers are responsible for ensuring that each
engine meets the applicable vehicle class engine performance standard when tested in accordance with
the specified engine test procedure.

For the most part, the Phase 2 engine standards are a continuation of the Phase 1 program, but with
more stringent standards for diesel (compression-ignition) engines, and important changes related to
the test procedures and compliance provisions. Engine manufacturers can improve engine performance
by applying combinations of fuel efficiency improvement technologies to the engine.

The Phase 2 diesel engine test procedure relies on two separate engine test cycles. The first is the
Heavy-duty Federal Test Procedure (HD FTP) that includes transient operation typified by frequent
accelerations and decelerations, similar to urban or suburban driving. The second is the Supplemental
Engine Test (SET), which includes 13 steady-state test points, similar to highway cruise operation and
other nominally steady-state operation. The gasoline (spark-ignition) engine test procedure relies on a
single engine test cycle: a gasoline version of HD FTP. The agencies have not changed the gasoline
engine test procedures or introduced new, more stringent standards for gasoline vocational engines, as
discussed below. The specific engine performance standards examined vary with the intended engine
application by vehicle class and the type of fuel used, as shown below in Table 2.2.1-1.
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Table 2.2.1-1. HD Engine Regulatory Subcategories

Intended Application
Classes 2b-5 vehicles (8,501 through 19,500 pounds GVWR)

Engine Category
Light Heavy-Duty (LHD) Diesel

Medium Heavy-Duty (MHD) Diesel
Heavy Heavy-Duty (HHD) Diesel

Classes 6—7 vehicles (19,501 through 33,000 pounds GVWR)
Class 8 vehicles (33,001 pounds and greater GVWR)

Primarily for vehicles less than 14,000 pounds, including almost 50% of HD
pickups and vans, and less than 10% of vocational vehicles.

Gasoline

Notes:
GVWR = gross vehicle weight rating; HD = heavy duty

2.2.1.1 Alternative 1 — No Action HD Engines for Vocational Vehicles and Tractors

Under Alternative 1, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel efficiency or
GHG emissions. As a result, Phase 1 HD engine standards and test procedures would remain in effect
indefinitely at their MY 2017 levels until amended by a future rulemaking action. Table 2.2.1-2 shows
the MY 2017 Phase 1 standards for diesel engines used in Classes 7—8 tractors (recalculated as described
in Section 2.1), which would remain in effect in MY 2018 and beyond under the Phase 2 No Action
Alternative.

Table 2.2.1-2.  Alternative 1 — No Action HD Tractor Diesel Engine Standards (over SET Cycle)
Model Years Standard MHD Diesel HHD Diesel
2017 and Later CO2 (g/bhp-hr) 482 455
Fuel Consumption (gallon/100 bhp-hr) 4.7315 4.4714

Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HHD = heavy heavy-duty; MHD = medium heavy-duty;
SET = supplemental engine test

Table 2.2.1-3 shows MY 2017 Phase 1 standards for diesel engines used in Classes 2b—8 vocational
vehicles (recalculated as described in Section 2.1), which would remain in effect in MY 2018 and beyond

under the Phase 2 No Action Alternative.

Table 2.2.1-3. Alternative 1 — No Action HD Vocational Diesel Engine Standards (over HD FTP Cycle)
Model Years Standard LHD Diesel MHD Diesel HHD Diesel
2017 and Later | CO: (g/bhp-hr) 576 558 525
Fuel Consumption (gallon/100 bhp-hr) 5.6606 5.4797 5.1579

Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HD FTP = heavy-duty Federal Test Procedure;
HHD = heavy heavy-duty; LHD = light heavy-duty; MHD = medium heavy-duty

The Phase 1 rule also set a fuel consumption standard of 7.05 gallon/100 bhp-hr and CO, standard of
627 grams per brake horsepower-hour (g/bhp-hr) for MY 2016 and beyond for gasoline engines used in
Classes 2b—8 vocational vehicles. This gasoline engine standard would apply under the Phase 2 No
Action Alternative and under all of the Phase 2 action alternatives. The number of gasoline (spark-
ignited) vocational vehicles sold is small, and these vehicles commonly share most of the same
technology as equivalent complete pickups or vans, including the powertrain. The resulting market
structure leads manufacturers of HD gasoline engines to have little market incentive to develop separate
technology for vocational engines that are engine-certified, and engine technologies that are used in
engine-certified vocational engines are also projected to be used on complete HD pickups and vans.
Therefore, the agencies are continuing the Phase 1 standard for spark-ignited gasoline engines used in
vocational vehicles, given the relatively small improvement projected with new standards, and the
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likelihood that most or all of this improvement would be achieved as a result of the complete pickup and
van standards and the vocational vehicle-based standards.

Fuel consumption and emissions standards for engines used in Classes 7-8 tractors do not cover
gasoline (or LHD diesel) engines, as those are not used in Classes 7-8 tractors. Therefore, the action
alternative standards for HD engines for vocational vehicles and tractors, discussed below, focus on
diesel engine standards, because the small number of gasoline engines used in vocational vehicles and
tractors would be subject to the same standards under the No Action and action alternatives.

2.2.1.2 Alternative 2 HD Engines for Vocational Vehicles and Tractors

Under Alternative 2, diesel engines to be installed in Classes 7-8 tractors would be subject to the fuel
efficiency and emissions standards shown in Table 2.2.1-4.

Table 2.2.1-4.

Alternative 2 HD Tractor Diesel Engine Standards (over SET Cycle)

Model Years | Standard MHD Diesel HHD Diesel
2021-2023 CO; (g/bhp-hr) 476 450

Fuel Consumption (gallon/100 bhp-hr) 4.6748 4.4178
2024 and CO2 (g/bhp-hr) 464 439
Later Fuel Consumption (gallon/100 bhp-hr) 4.5568 4.3097
Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HHD = heavy heavy-duty; MHD = medium heavy-duty;
SET = supplemental engine test

Table 2.2.1-5 presents the Alternative 2 fuel consumption and emissions standards for diesel engines
fitted into vocational vehicles.

Table 2.2.1-5.  Alternative 2 HD Vocational Diesel Engine Standards (over HD FTP Cycle)
Model Years | Standard LHD Diesel MHD Diesel HHD Diesel
2021-2023 CO: (g/bhp-hr) 570 551 519
Fuel Consumption (gallon/100 bhp-hr) 5.5955 5.4167 5.0986
2024 and CO: (g/bhp-hr) 558 541 509
Later Fuel Consumption (gallon/100 bhp-hr) 5.4810 5.3131 4.9970
Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HD FTP = heavy-duty Federal Test Procedure;
HHD = heavy heavy-duty; LHD = light heavy-duty; MHD = medium heavy-duty

2.2.1.3 Alternative 3 — Preferred HD Engines for Vocational Vehicles and Tractors

For diesel engines to be installed in Classes 7—8 tractors, the agencies are issuing the Alternative 3

(Preferred Alternative) standards shown in Table 2.2.1-6.

Table 2.2.1-6.  Alternative 3 — Preferred HD Tractor Diesel Engine Standards (over SET Cycle)

Model Years Standard MHD Diesel HHD Diesel

2021-2023 CO:2 (g/bhp-hr) 473 447
Fuel Consumption (gallon/100 bhp-hr) 4.6464 4.3910

2024-2026 CO:2 (g/bhp-hr) 461 436
Fuel Consumption (gallon/100 bhp-hr) 4.5285 4.2829

2027 and Later CO:2 (g/bhp-hr) 457 432
Fuel Consumption (gallon/100 bhp-hr) 4.4892 4.2436

Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HHD = heavy heavy-duty; MHD = medium heavy-duty;
SET = supplemental engine test
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Table 2.2.1-7 presents the Alternative 3 (Preferred Alternative) fuel consumption and emissions
standards for diesel engines to be installed in vocational vehicles.

Table 2.2.1-7.  Alternative 3 — Preferred HD Vocational Diesel Engine Standards (over HD FTP Cycle)

Model Years Standard LHD Diesel MHD Diesel HHD Diesel

2021-2023 CO:2 (g/bhp-hr) 563 545 513
Fuel Consumption (gallon/100 bhp-hr) 5.5305 5.3536 5.0393

2024-2026 CO:2 (g/bhp-hr) 555 538 506
Fuel Consumption (gallon/100 bhp-hr) 5.4519 5.2849 4.9705

2027 and Later | CO2 (g/bhp-hr) 552 535 503
Fuel Consumption (gallon/100 bhp-hr) 5.4224 5.2554 4.9411

Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HD FTP = heavy-duty Federal Test Procedure;
HHD = heavy heavy-duty; LHD = light heavy-duty; MHD = medium heavy-duty

2.2.1.4 Alternative 4 HD Engines for Vocational Vehicles and Tractors

Under Alternative 4, diesel engines to be installed in Classes 7—8 tractors would be subject to the fuel

efficiency and emissions standards shown in Table 2.2.1-8.

Table 2.2.1-8.

Alternative 4 HD Tractor Diesel Engine Standards (over SET Cycle)

Model Years Standard MHD Diesel HHD Diesel

2021-2023 CO; (g/bhp-hr) 470 444
Fuel Consumption (gallon/100 bhp-hr) 4.6180 4.3641

2024 and Later | CO: (g/bhp-hr) 458 433
Fuel Consumption (gallon/100 bhp-hr) 4.5001 4.2561

Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HHD = heavy heavy-duty; MHD = medium heavy-duty;
SET = supplemental engine test

Table 2.2.1-9 presents the Alternative 4 fuel consumption and emissions standards for diesel engines to
be installed in vocational vehicles.

Table 2.2.1-9.

Alternative 4 HD Vocational Diesel Engine Standards (over HD FTP Cycle)

Model Years Standard LHD Diesel MHD Diesel HHD Diesel

2021-2023 CO: (g/bhp-hr) 560 542 510
Fuel Consumption (gallon/100 bhp-hr) 5.4979 5.3221 5.0096

2024 and Later | CO: (g/bhp-hr) 552 535 503
Fuel Consumption (gallon/100 bhp-hr) 5.4228 5.2567 49440

Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HD FTP = heavy-duty Federal Test Procedure;
HHD = heavy heavy-duty; LHD = light heavy-duty; MHD = medium heavy-duty

2.2.1.5 Alternative 5 HD Engines for Vocational Vehicles and Tractors

Under Alternative 5, diesel engines to be installed in Classes 7—8 tractors would be subject to the fuel
efficiency and emissions standards shown in Table 2.2.1-10.
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Table 2.2.1-10. Alternative 5 HD Tractor Diesel Engine Standards (over SET Cycle)
Model Years Standard MHD Diesel HHD Diesel
2021-2023 CO; (g/bhp-hr) 467 442
Fuel Consumption (gallon/100 bhp-hr) 4.5896 4.3373
2024 and Later | CO2 (g/bhp-hr) 455 431
Fuel Consumption (gallon/100 bhp-hr) 4.4718 4.2293

Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HHD = heavy heavy-duty; MHD = medium heavy-duty;
SET = supplemental engine test

Table 2.2.1-11 presents the Alternative 5 fuel consumption and emissions standards for diesel engines
fitted into vocational vehicles.

Table 2.2.1-11. Alternative 5 HD Vocational Diesel Engine Standards (over HD FTP Cycle)
Model Years Standard LHD Diesel MHD Diesel HHD Diesel
2021-2023 CO2 (g/bhp-hr) 556 539 507
Fuel Consumption (gallon/100 bhp-hr) 5.4654 5.2906 4.9800
2024 and Later | CO2 (g/bhp-hr) 549 532 501
Fuel Consumption (gallon/100 bhp-hr) 5.3937 5.2285 49175

Notes:

CO; = carbon dioxide; g = grams; bhp-hr = brake horsepower-hour; HD FTP = heavy-duty Federal Test Procedure;
HHD = heavy heavy-duty; LHD = light heavy-duty; MHD = medium heavy-duty

2.2.2 Classes 7-8 Tractors

Combination tractors consume the largest fraction of fuel among the HD vehicle categories. Tractors
also offer significant potential for fuel savings due to the high annual mileage and average vehicle
speeds within this category as compared to annual mileage and average speeds or duty cycles of other
HD vehicle categories. In addition to the engine standards described above, the Phase 2 standards
require Classes 7—8 tractor manufacturers to meet an overall vehicle performance standard by making
various non-engine fuel saving technology improvements (e.g., by using a combination of technologies
such as improving aerodynamics, lowering tire rolling resistance, decreasing vehicle mass [weight],
reducing fuel use at idle, improving efficiency of transmissions, or other technologies).

The alternative standards examined for Classes 7—8 tractors vary depending on whether it is a “day cab”
or “sleeper cab” (sleeper cabs provide overnight accommodations for drivers). Tractors with sleeper
cabs tend to have greater empty curb weight than tractors with day cabs due to the larger cab
accommodations, and some technologies (e.g., extended idle reduction) are appropriate for tractors
with sleeper cabs but less so for day cabs. Standards for Class 8 tractors with day cabs versus sleeper
cabs also reflect different drive cycles. Day cab tractors have a larger percentage of their drive cycle
weighted to transient (urban) driving and sleeper cab tractors have a larger percentage of their drive
cycle weighted to a cruising speed of 65 miles per hour. Standards for Classes 7-8 tractors also vary
with the height of the roof, designed to correspond to the height of the trailer, because roof height
significantly affects aerodynamic drag, which is an important determinant of tractor fuel efficiency.

For Phase 2, the agencies are also setting standards for an additional subcategory within the tractor
category for “heavy-haul” tractors designed to haul much heavier loads than conventional tractors. The
typical tractor designed in the United States has a gross combined weight rating (GCWR) of
approximately 80,000 pounds due to the effective weight limit on the Federal highway system, except in
states with preexisting higher weight limits. The Phase 2 standards for heavy-haul tractors apply to
tractors with a GCWR over 120,000 pounds. The agencies also recognize that certain technologies used
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to determine the stringency of Phase 2 tractor standards are less applicable to the heavy-haul tractors
designed for the U.S. market. For example, heavy-haul tractors in the United States are not typically
used in the same manner as long-haul tractors with extended highway driving, and therefore, will
experience less benefit from aerodynamics. The agencies are setting standards for heavy-haul tractors
that reflect individualized performance of technologies in heavy-haul applications.

Compliance with the overall vehicle standards for Classes 7-8 tractors will be determined using GEM to
simulate overall vehicle fuel efficiency given a set of vehicle component inputs. Using this approach, the
Classes 7-8 vehicle manufacturers will supply certain vehicle characteristics that would serve as GEM
inputs. Thus, vehicle manufacturers could make any combination of improvements using non-engine
technologies that they believe would best achieve the Classes 7-8 tractor overall fuel consumption
standards.

2.2.2.1 Alternative 1 — No Action Classes 7-8 Tractors

Under Alternative 1, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel efficiency or
GHG emissions. As a result, Phase 1 tractor standards and test procedures would remain in effect
indefinitely at their MY 2017 levels until amended by a future rulemaking action. For ease of
comparison with the Phase 2 final standards and alternatives, the Phase 1 standards were recalculated
as described above in Section 2.1. Table 2.2.2-1 shows the recalculated MY 2017 and beyond Phase 1
standards for Classes 7-8 tractors.

Table 2.2.2-1.  Alternative 1 — No Action Classes 7-8 Tractor Standards

2017 Model Year and Later CO2 Grams per Ton-Mile

Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 117.3 89.5 81.9 58.3
Mid Roof 125.8 94.9 88.3
High Roof 126.2 95.2 85.7
2017 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 11.52136 8.79117 8.04048 5.72246
Mid Roof 12.36225 9.32629 8.67438
High Roof 12.39501 9.34813 8.41860
Notes:

CO; = carbon dioxide
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2.2.2.2 Alternative 2 Classes 7-8 Tractors

Under Alternative 2, Classes 7—8 tractors would be subject to the fuel efficiency and emissions standards

shown in Table 2.2.2-2.

Table 2.2.2-2.  Alternative 2 Classes 7—-8 Tractor Standards
2021-2023 Model Year CO2 Grams per Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 113.2 86.4 77.9 56.2
Mid Roof 121.4 91.6 84.0
High Roof 121.8 91.8 81.5
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 11.11811 8.48348 7.65052 5.52217
Mid Roof 11.92957 8.99987 8.25367
High Roof 11.96118 9.02094 8.01030
2024 Model Year and Later CO2 Grams per Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 108.3 82.7 75.6 54.5
Mid Roof 116.3 87.8 81.7
High Roof 115.7 87.3 78.6
2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 10.64232 8.12570 7.42693 5.35315
Mid Roof 11.42076 8.62688 8.02765
High Roof 11.36744 8.57357 7.72183
Notes:

CO; = carbon dioxide

2.2.2.3 Alternative 3 — Preferred Classes 7-8 Tractors

The Alternative 3 (Preferred Alternative) fuel efficiency and emissions standards for Classes 7-8 tractors

that the agencies are issuing are shown in Table 2.2.2-3.
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Table 2.2.2-3.  Alternative 3 — Preferred Classes 7-8 Tractor Standards

2021-2023 Model Year CO2 Grams per Ton-Mile

Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 105.5 80.5 72.3 52.4
Mid Roof 113.2 85.4 78
High Roof 113.5 85.6 75.7
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 10.36346 7.90766 7.10216 5.14735
Mid Roof 11.11984 8.389 7.66208
High Roof 11.14931 8.40864 7.43615
2024-2026 Model Year CO2 Grams per Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 99.8 76.2 68.0 50.2
Mid Roof 107.1 80.9 73.5
High Roof 106.6 80.4 70.7
2024-2026 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 9.80354 7.48527 6.67976 4.93124
Mid Roof 10.52063 7.94695 7.22004
High Roof 10.47151 7.89784 6.94499
2027 Model Year and Later CO2 Grams per Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 96.2 73.4 64.1 48.3
Mid Roof 103.4 78.0 69.6
High Roof 100.0 75.7 64.3
2027 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 9.44990 7.21022 6.29666 4.74460
Mid Roof 10.15717 7.66208 6.83694
High Roof 9.82318 7.43615 6.31631
Notes:

CO; = carbon dioxide
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2.2.2.4 Alternative 4 Classes 7-8 Tractors

Under Alternative 4, Classes 7—8 tractors would be subject to the fuel efficiency and emissions standards
shown in Table 2.2.2-4.

Table 2.2.2-4.  Alternative 4 Classes 7—-8 Tractor Standards
2021-2023 Model Year CO2 Grams per Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 103.4 78.9 71.3 51.4
Mid Roof 110.9 83.7 76.9
High Roof 111.2 83.9 74.7
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 10.15723 7.75030 7.00407 5.04492
Mid Roof 10.89856 8.22206 7.55625
High Roof 10.92744 8.24131 7.33344
2024 Model Year and Later CO2 Grams per Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 97.8 74.7 66.9 49.2
Mid Roof 105.0 79.3 72.3
High Roof 104.5 78.8 69.5
2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 9.60775 7.33578 6.57058 4.83276
Mid Roof 10.31052 7.78824 7.10203
High Roof 10.26238 7.74011 6.83147
Notes:

CO; = carbon dioxide

2-12



Chapter 2 Final Action and Alternatives and Analysis Methodologies

2.2.2.5 Alternative 5 Classes 7-8 Tractors

Under Alternative 5, Classes 7—8 tractors would be subject to the fuel efficiency and emissions standards
shown in Table 2.2.2-5.

Table 2.2.2-5.  Alternative 5 Classes 7—-8 Tractor Standards
2021-2023 Model Year CO2 Grams per Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 95.8 73.1 64.4 47.6
Mid Roof 102.8 77.6 69.4
High Roof 103.1 77.7 67.4
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 9.41180 7.18151 6.32143 4.67468
Mid Roof 10.09872 7.61865 6.81980
High Roof 10.12548 7.63648 6.61870
2024 Model Year and Later CO2 Grams per Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 90.1 68.8 60.5 45.3
Mid Roof 96.7 73.0 65.4
High Roof 96.2 72.6 62.9
2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab Heavy-Haul
Class 7 Class 8 Class 8 Class 8
Low Roof 8.84891 6.75638 5.93992 4.45105
Mid Roof 9.49617 7.17310 6.42036
High Roof 9.45183 7.12878 6.17577
Notes:

CO; = carbon dioxide

2.2.3 Trailers

The Phase 2 Final Rule includes, for the first time, fuel consumption standards for new trailers that begin
with a voluntary three year program, followed by a mandatory program phasing in over a period of

7 years. EPA’s GHG emissions standards for new trailers are mandatory from the beginning. Although
the agencies are issuing new fuel consumption and CO, standards for trailers separately from tractors,
the numerical level of the trailer standards is in relation to “standard” reference tractors in recognition
of their interrelatedness. In other words, the regulatory standards refer to the simulated fuel
consumption and emissions of a standard tractor pulling the trailer being certified.

The trailer industry produces different trailer designs for different applications, and the final standards
will apply (in one form or another) to most types of trailers. The most comprehensive requirements will
apply to box trailers (also called box vans), including refrigerated and non-refrigerated (dry) vans. Box
trailers are the largest trailer category with the highest annual vehicle miles traveled, which offers the
greatest potential for fuel consumption and CO, reductions. For highway non-box trailers, the agencies
are adopting design standards that are not predicated on aerodynamic improvements but rather require
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manufacturers of these trailers to adopt specific tire technologies (low rolling resistance tires and either
tire pressure monitoring or automatic tire inflation systems).

Some box trailers have work-performing equipment either on the underside or on the rear of the trailer
that would limit a manufacturer’s ability to install aerodynamic technologies. Instead, these may be
designated as partial-aero vans for their given subcategory. The partial-aero standards are based on
adoption of tire technologies and a single aerodynamic device throughout the program. Further, box
trailers that have work-performing equipment on the underside and rear of the trailer may be
designated non-aero box vans. Non-aero box vans are a single subcategory, and the applicable
standards will not require the use of aerodynamic devices, but could be met by adopting low rolling
resistance tires and either tire pressure monitoring or automatic tire inflation systems.

The Final Rule includes more details on the specific standards that apply to different subcategories of
trailers that are more granular than the categories described below. Further, NHTSA notes that
differences in the numerical values of trailer standards among trailer subcategories under each
alternative reflect differences in the tractor-trailer characteristics (e.g., length, weight, aerodynamic
performance, number of axles and tires, and tractor type), as well as differences in the default payloads,
in the vehicle simulation model used to develop the trailer standards. Therefore, lower values do not
necessarily indicate more stringent standards.

2.2.3.1 Alternative 1 — No Action Trailers

Under Alternative 1, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel efficiency or
GHG emissions. There were no trailer standards under the Phase 1 program, so the Phase 2 No Action
Alternative for trailers reflects the performance levels (simulated fuel consumption and emissions of a
standard tractor pulling the trailer) that the agencies expect box trailers would achieve in the absence of
any federal fuel consumption or GHG standards. Table 2.2.3-1 shows the Alternative 1 standards for
full-aero box trailers that reflect such performance levels.

Table 2.2.3-1.  Alternative 1 — No Action HD Box Trailer Standards (Full-Aero)

Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2017 and Later CO2 Grams per Ton-Mile 83.2 126.5 84.9 130.3
Gallons per 1,000 Ton-Mile 8.17098 12.42459 8.34183 12.80140

Notes:
CO; = carbon dioxide

Table 2.2.3-2 shows the Alternative 1 fuel efficiency and emissions standards for partial-aero box trailers
that reflect such performance levels.

Table 2.2.3-2. Alternative 1 — No Action HD Box Trailer Standards (Partial-Aero)

Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2017 and Later CO2 Grams per Ton-Mile 86.1 128.6 87.9 132.3
Gallons per 1,000 Ton-Mile 8.45775 12.62796 8.63459 13.00056

Notes:
CO; = carbon dioxide
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2.2.3.2 Alternative 2 Trailers

Under Alternative 2, full-aero box trailers would be subject to the fuel efficiency and emissions
standards shown in Table 2.2.3-3 (simulated fuel consumption and emissions of a standard tractor
pulling the trailer). Alternative 2 trailer standards would apply to only 53-foot box trailers and could be
achieved by using less advanced aerodynamic and tire technologies than would be required by other
action alternatives.

Table 2.2.3-3.  Alternative 2 — HD Box Trailer Standards (Full-Aero)

Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO2 Grams per Ton-Mile 82.4 126.1 84.1 129.9
Gallons per 1,000 Ton-Mile 8.09355 12.38349 8.26413 12.76041
(Voluntary)
2021-2023 CO2 Grams per Ton-Mile 814 125.5 83.1 129.4
Gallons per 1,000 Ton-Mile 7.99474 12.32787 8.16700 12.70657
2024 and Later | CO2 Grams per Ton-Mile 80.2 123.5 82.0 127.4
Gallons per 1,000 Ton-Mile 7.88020 12.13124 8.05372 12.51253

Notes:
CO; = carbon dioxide

Table 2.2.3-4 shows the Alternative 2 fuel efficiency and emissions standards for partial-aero box
trailers.

Table 2.2.3-4.  Alternative 2 — HD Box Trailer Standards (Partial-Aero)

Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO2 Grams per Ton-Mile 84.1 127.4 85.9 131.2
Gallons per 1,000 Ton-Mile 8.26141 12.51696 8.43494 12.89287
(Voluntary)
2021 and Later | CO2 Grams per Ton-Mile 83.8 126.8 85.6 130.7
Gallons per 1,000 Ton-Mile 8.23278 12.45711 8.40642 12.83979

Notes:
CO; = carbon dioxide

2.2.3.3 Alternative 3 — Preferred Trailers

Under Alternative 3, the Preferred Alternative and the standards being issued in the Final Rule, full-aero
box trailers will be subject to the fuel efficiency and emissions standards shown in Table 2.2.3-5
(simulated fuel consumption and emissions of a standard tractor pulling the trailer).
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Table 2.2.3-5.  Alternative 3 — Preferred HD Box Trailer Standards (Full-Aero)
Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO2 Grams per Ton-Mile 81.3 125.3 83.0 129.1
Gallons per 1,000 Ton-Mile 7.98625 12.30845 8.15324 12.68173
(Voluntary)
2021-2023 CO2 Grams per Ton-Mile 78.9 123.7 80.6 127.5
Gallons per 1,000 Ton-Mile 7.75049 12.15128 7.91749 12.52456
2024-2026 CO2 Grams per Ton-Mile 77.2 120.9 78.9 124.7
Gallons per 1,000 Ton-Mile 7.58350 11.87623 7.75049 12.24951
2027 and Later CO2 Grams per Ton-Mile 75.7 119.4 77.4 123.2
Gallons per 1,000 Ton-Mile 7.43615 11.72888 7.60314 12.10216

Notes:

CO; = carbon dioxide

Under Alternative 3, the Preferred Alternative, partial-aero box trailers would be subject to the fuel
efficiency and emissions standards shown in Table 2.2.3-6 (simulated fuel consumption and emissions of
a standard tractor pulling the trailer).

Table 2.2.3-6.

Alternative 3 — Preferred HD Box Trailer Standards (Partial-Aero)

Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO2 Grams per Ton-Mile 81.3 125.4 83.0 129.1
Gallons per 1,000 Ton-Mile 7.98625 12.31827 8.15324 12.68173
(Voluntary)
2021 and Later CO2 Grams per Ton-Mile 80.6 123.7 82.3 127.5
Gallons per 1,000 Ton-Mile 7.91749 12.15128 8.08448 12.52456

Notes:

CO; = carbon dioxide

As explained above, non-box trailers and non-aero box vans are subject only to design standards for
specific tire technologies. Non-box trailer tires would need to achieve a coefficient of rolling resistance
of 6.0 kg/ton in MY 2018 (voluntary in the NHTSA program through MY 2020) and 5.1 kg/ton for MY
2021 and later model years. These requirements apply only to flatbed, tank, and container chassis non-
box trailers (all others are excluded). Non-aero box vans would need to achieve a coefficient of rolling
resistance of 5.1 kg/ton in MY 2018 (voluntary in the NHTSA program through MY 2020) and 4.7 kg/ton
for MY 2021 and later model years. In addition, non-box trailer and non-aero box van manufacturers
would need to install tire pressure monitoring or automatic tire inflation systems (voluntary beginning in

MY 2018 and mandatory beginning MY 2021).

2.2.3.4 Alternative 4 Trailers

Under Alternative 4, full-aero box trailers would be subject to the fuel efficiency and emissions
standards shown in Table 2.2.3-7 (simulated fuel consumption and emissions of a standard tractor
pulling the trailer).
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Table 2.2.3-7.  Alternative 4 HD Box Trailer Standards (Full-Aero)
Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO2 Grams per Ton-Mile 81.1 125.1 82.8 128.9
Gallons per 1,000 Ton-Mile 7.96706 12.28794 8.13340 12.66023
(Voluntary)
2021-2023 CO2 Grams per Ton-Mile 78.5 123.2 80.1 127.0
Gallons per 1,000 Ton-Mile 7.70680 12.10302 7.87286 12.47482
2024 and Later CO2 Grams per Ton-Mile 76.8 120.3 78.4 1241
Gallons per 1,000 Ton-Mile 7.54014 11.81671 7.70618 12.18811

Notes:

CO; = carbon dioxide

Table 2.2.3-8 shows the Alternative 4 fuel efficiency and emissions standards for partial-aero box

trailers.
Table 2.2.3-8.  Alternative 4 HD Box Trailer Standards (Partial-Aero)
Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO2 Grams per Ton-Mile 80.8 124.8 82.5 128.5
Gallons per 1,000 Ton-Mile 7.93703 12.26397 8.10285 12.62403
(Voluntary)
2021 and Later CO2 Grams per Ton-Mile 80.0 122.8 81.7 126.6
Gallons per 1,000 Ton-Mile 7.86109 12.06770 8.02689 12.43841

Notes:

CO; = carbon dioxide

2.2.3.5 Alternative 5 Trailers

Under Alternative 5, full-aero box trailers would be subject to the fuel efficiency and emissions
standards shown in Table 2.2.3-9 (simulated fuel consumption and emissions of a standard tractor

pulling the trailer).

Table 2.2.3-9.  Alternative 5 HD Box Trailer Standards (Full-Aero)
Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO2 Grams per Ton-Mile 79.7 124.3 81.4 128.1
Gallons per 1,000 Ton-Mile 7.83348 12.21382 7.99536 12.58251
(Voluntary)
2021-2023 CO2 Grams per Ton-Mile 75.4 121.4 77.0 125.2
Gallons per 1,000 Ton-Mile 7.40274 11.92859 7.56225 12.29503
2024 and Later CO2 Grams per Ton-Mile 74.2 117.9 75.8 121.7
Gallons per 1,000 Ton-Mile 7.28972 11.58600 7.45024 11.95016

Notes:

CO; = carbon dioxide

Table 2.2.3-10 shows the Alternative 5 fuel efficiency and emissions standards for partial-aero box

trailers.
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Table 2.2.3-10. Alternative 5 HD Box Trailer Standards (Partial-Aero)
Dry Van Refrigerated Van

Model Years Standard Long Short Long Short

2018-2020 CO2 Grams per Ton-Mile 77.3 122.8 78.9 126.4
Gallons per 1,000 Ton-Mile 7.59449 12.06770 7.75217 12.41547
(Voluntary)

2021 and Later CO2 Grams per Ton-Mile 76.0 119.8 77.6 123.5
Gallons per 1,000 Ton-Mile 7.46860 11.76561 7.62612 12.12704

Notes:
CO; = carbon dioxide; HD = heavy duty

2.2.4 Classes 2-8 Vocational Vehicles

Fuel consumption standards for vocational vehicles vary by vehicle class (Classes 2b—5, Classes 6—7, and
Class 8), ignition type and engine fuel (spark-ignited [SI] gasoline and combustion-ignited [CI] diesel),
and duty cycle: Regional, Multi-Purpose, and Urban.® The three duty cycles have different weightings
for two idle cycles plus the same driving cycles as for tractors and trailers: highway cruise cycles and
ARB Transient cycle. Compliance with vocational vehicle standards will be determined by GEM
simulation of vehicle fuel efficiency given a set of vehicle component inputs. Thus, vehicle
manufacturers could make any combination of improvements that they believe would best achieve the
vocational vehicle standards.

2.2.4.1 Alternative 1 — No Action Classes 2—-8 Vocational Vehicles

Under Alternative 1, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel efficiency or
GHG emissions. As a result, Phase 1 vocational vehicle standards and test procedures would remain in
effect indefinitely at their MY 2017 levels until amended by a future rulemaking action. For ease of
comparison with the Pha